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22d  REPORT  OF  THE  STATE  GEOLOGIST  1902 

To  the  Regents  of  the  University  of  the  State  of  New  York 

I  have  the  honor  to  submit  herewith  my  report  as  state  geolo- 
gist for  the  fiscal  year  ending  Sep.  30, 1902. 

As  in  previous  years,  the  results  of  the  more  important  in- 
vestigations  are  published  in  the  form  of  bulletins  which  are 
distributed  in  advance.  Those  pertaining  to  the  present  report 
are :  56  Description  of  the  State  Geologic  Map  of  1901,  58  Guide 
to  the  Mineralogic  Collections  of  the  New  York  State  Museum, 
and  61  Quarries  of  Bluestone  and  other  Sandstones  in  New  York, 

Eespectfully  yours 

Frederick  J.  H.  Merrill 
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GEOLOGY 

•  The  work  under  the  direction  of  the  state  geologist  during 
the  past  fiscal  year  has,  as  usual,  been  prosecuted  both  in  the 
field  and  the  office,  and  its  results  are  summarized  in  the  fol- 
lowing pages. 

The  lai'ge  geologic  map  of  the  State  described  in  Museum  bul- 
letin 56  was  issued  in  June  1902,  and  has  been  received  with  much 
appreciation  in  all  quarters. 

In-  pure  geology  the  survey  of  the  crystalline  rocks  of  the 
Adirondacks  has  been  continued  by  Prof.  H.  P.  Gushing,  whose 
field  work  of  the  past  season  was  devoted  to  the  mapping  of 
the  Long  lake  sheet  of  the  topographic  atlas,  some  30^  of  its 
area  being  mapped  in  detail.  The  rocks  are  mainly  igneous 
intrusives  and  it  was  expected  that  detailed  mapping  would 
throw  light  on  the  complicated  relations  of  the  anorthosite, 
syenite  and  granite  intrusions  to  one  another.  The  portion  of 
the  sheet  covered  during  this  first  season  was,  in  the  main, 
away  from  the  anorthosite  boundary,  and  showed  syenite  as 
the  prevailing  rock,  more  or  less  involved  with  granite.  On 
the  west  slopes  of  Mt  Morris  this  syenite  is  much  cut  by  a 
granite,  which  is  clearly  younger.  The  syenite  is  found  to  vary 
much  in  composition,  in  grain  and  in  degree  of  foliation,  speci- 
ally toward  its  peripheral  portions.  In  Litchfield  park  it  be- 
comes very  acid,  grading  into  a  granite,  which  is  found  to  be 
cut  by  another  granite,  apparently  the  same  as  that  which 
cuts  the  syenite  about  Mt  Morris.  Running  north  from  Litch- 
field park,  and  forming  the  ridges  between  Little  Simons  and 
Follensby  ponds,  is  a  considerable  area  of  a  different  granite 
rock,  more  gneissoid  and  richer  in  dark  silicates  than  the  pre- 
ceding, but  no  exposures  could  be  found  which  disclosed  its 
relations  to  the  surrounding  rocks. 

Two  unexpected  and  very  interesting  little  examples  of 
anorthosite  outliers  were  found  in  Litchfield  park,  some  miles 
distant  from  the  main  mass.  One  was  but  meagerly  exposed 
and  gave  no  clue  as  to  its  relations  to  the  surrounding  rocks, 
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which  were  of  a  dubious  type  and  of  uncertain  aflinity.  The 
other  was  entirely  surrounded  by  syenite,  plainly  an  igneous 
intrusive,  but  showing  considerable  variation  and  also  differ- 
ing considerably  from  the  usual  syenite,  so  that  it  is  a  question 
whether  it  is  properly  to  be  correlated  with  that.  This  syenite 
appears  to  cut  out  the  anorthosite  on  the  north  and  west,  at 
least  the  contact  between  the  two  rocks  is  an  irruptive  one, 
and  app'M*ently  the  syenite  is  the  younger,  though  the  evidence 
is  iioi:  so  decisive  as  one  could  wish.  If  the  relations  were  prop- 
erly apprehended,  the  syenite  is  the  younger,  and  the  anortho- 
site is  of  the  nature  of  a  large  inclosure  in  the  other  rock.  Be- 
sides the  evidence  derived  from  the  character  of  the  exposed 
contacts,  the  coarseness  of  grain  of  the  anorthosite  and  its  lack 
of  tendency  to  become  gabbroic,  harmonize  with  this  view. 

Wherever  the  main  anorthosite  boundarv  was  reached,  the 
rock  was  found  to  be  gabbroic,  fine  grained  and  gneissoid,  these 
characters  fading  out  with  recession  from  the  boundary.  No 
gradation  between  it  and  the  syenite  was  noted,  the  boundary 
between  the  two  seeming  everywhere  sharp,  but  no  contacts 
were  noted. 

The  area  of  Grenville  rocks  lying  south  and  southwest  of 
Follensby  pond  was  found  to  have  much  greater  extent  than 
had  before  been  supposed,  and  to  form  much  the  largest  area 
of  these  rocks  yet  found  in  the  heart  of  the  region.  Only  its 
north  and  west  boundaries  were  mapped,  but  it  was  followed 
for  4  miles  from  north  to  south,  and,  where  left,  was  running 
south  with  a  breadth  of  at  least  3  miles  and  possibly  much 
more.  At  least  10  square  miles  of  it  were  included  in  the  area 
mapped,  and  it  may  be  double  that  size  or  more.  Compared 
with  most  areas  of  these  rocks  too,  Uwve  was  singularly  little 
mixture  with  gneisses  of  doubtful  or  of  igneous  origin,  the 
rather  frequent  outcrops  showing  distinctive  sediments  only. 
It  is  noteworthy  that  the  area  is  not  very  remote  from  the  con- 
siderable belt  of  similar  rocks  which  Prof.  J.  F.  Kemp  has 
mapped  as  running  east  from  Long  Lake  villag(\,  and  which  is 
also  of  unusual  size  for  the  heart  of  the  Woods,  and  that  both 
lie  in  what  the  writer  has  called  the  "  lake  belt,''  which  he  has 
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regarded  as  a  down  faulted  portion  of  the  region.  These  larger 
Grenville  areas  here  would  seem  to  emphasize  the  correctness 
of  that  conclusion.  In  addition,  two  or  three  small  patches  of 
Grenville  rocks,  previously  unknown,  were  discovered. 

Glacial  striae  were  noted  in  several  places,  always  in  valleys, 
and  on  surfaces  recently  stripped  during  road-making.  They, 
as  usual,  show  directions  controlled  by  the  minor  topography 
and  are  of  little  value  as  indications  of  the  general  direction 
of  movement  of  the  main  ice  sheet. 

In  southeastern  !New  York  work  has  been  continued  in  the 
study  of  the  crystalline  rocks  by  Mr  E.  C.  Eckel.  During  October 
and  November  1901  he  was  chiefly  in  Rockland  and  Westchester 
counties,  short  trips  having  been  made  into  the  adjoining 
portions  of  Connecticut  and  a  few  days  being  spent  in  the 
vicinity  of  Fort  Ann  N.  Y.  The  winter  was  occupied  with 
proof-reading  on  bulletins,  and  with  the  editing  of  reports 
on  the  Portland  cement  industry  of  the  State  and  on  the  quarry 
industry  of  southeastern  New  York.  Duiring  the  spring  and 
summer  of  1902,  Mr  Eckel  was  engaged  in  field  work  on  the 
Cambnan  and  Silurian  formations  in  Columbia  and  Dutchess 
counties;  on  the  pre-Cambrian  and  Paleozoic  formations  near 
Saratoga  N.  Y.;  and  in  establishing  points  on  the  boundary 
lines  between  the  Medina,  Clinton  and  Niagara  formations  in 
western  and  central  New  York. 

In  Pleistocene  geology,  work  has  been  continued  in  tlie  Ilud- 
son  and  Champlain  valleys  by  Prof.  J.  B.  Woodwortli  in  tlu' 
study  of  the  history  of  the  postglacial  marine  invasion.  During 
the  winter  and  siu-iug  of  1001-2  he  was  engaged  in  the  elabora- 
tion of  his  field  notes  and  in  the  preparation  of  parts  of  a 
report  on  the  evideuces  of  submergence  of  the  Hudson  iind 
Champlain  valleys  by  the  sea  or  by  fresh  water  at  the*  close* 
of  the  glacial  period.  A  short  paper  on  the  Northumberland 
volcanic  plug  was  prepared  with  illustrative  drawings,  aiul  is 
now  in  the  hands  of  the  printer. 

June  16,  1902,  Professor  Woodworth  went  into  the  field  and 
till  the  •28th  of  the  month  remained  in  the  Hudson  valley  be- 
tween Kingston  and  Newburg,  studying  the  terraces  of  clay, 
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gravel,  and  sand  bordering  the  river  and  its  tributaries  to  obtain 
further  light  on  the  nature  of  the  water  body  in  which  the 
deposits  were  laid  down  and  its  relation  to  the  retreating  ice 
sheet.  From  this  district  he  proceeded  to  Lake  George  to 
make  a  reconnaissance  of  the  middle  portion  of  that  lake  val- 
ley. On  July  2  he  proceeded  to  the  Mooers  quadrangle  and 
began  a  detailed  examination  of  the  glacial  deposits  and  the 
subsequently  formed  shore  lines  of  that  area.  Two  months 
were  given  to  this  examination,  including  a  side  trip  to  the 
reported  shore  lines  of  St  Albans  Vt.,  and  a  few  days  spent  in 
the  study  of  the  postglacial  scour  ways  and  gorge  known  as 
"  The  Gulf  "  in  the  vicinity  of  Covey  Hill,  Canada.  On  the  com- 
pletion of  this  map,  he  proceeded  westward  along  the  northern 
base  of  the  Adirondacks,  seeking  for,  and  determining  by 
means  of  the  aneroid  barometer,  the  elevation  of  the  shore 
lines  and  deltas,  in  order  to  ascertain  the  extent  and  nature 
of  the  related  water  levels  in  the  Champlain  area.  This  exten- 
sion of  the  investigation  into  the  St  Lawrence  valley  was  made 
after  a  conference  held  at  Washington,  in  February  1902,  with 
Mr  G.  K.  Gilbert  of  the  United  States  Geological  Survey,  who 
kindly  gave  to  the  State  Museum  the  use  of  his  notes  on  that 
area.  Before  leaving  the  field  Professor  Woodworth  extended 
his  reconnaissance  as  far  as  Ogdensburg. 

Of  the  definite  results  obtained  by  him  during  the  past  sum- 
mer, the  most  important  was  the  determination  of  shore  lines 
marked  by  bars,  embankments,  or  cut-shore  terraces  on  the 
Mooers  quadrangle  at  various  elevations  between  280  feet  and 
495  feet,  again  at  500,  530,  540,  580,  610,  620,  630,  640  and  720 
feet.  Those  above  580  feet  do  not  continue  about  the  northern 
flank  of  Covey  Hill  and  hence  are  regarded  as  interrupted  by 
an  ice  dam  in  that  direction  and  interpreted  aa  made  in  a 
glacial  lake  or  lakes.  The  highest  well  formed  beach  at  Covey 
Hill  lies  at  450  feet;  if  the  terraces  lying  above  this  level  to  580 
feet  are  interpreted  as  stream-made  by  waters  flowing  between 
the  retreating  ice  and  the  till-covered  slope  of  the  liill,  the 
upper  marine  limit  on  the  northern  border  of  the  Adirondack 
mass  at  a  point  about  2  miles  north  of  the  international  bound- 
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ary,  is  450  feet,  a  detentiination  first  made  by  Mr  Gilbert.  As 
confirming  the  marine  (origin  of  tbe  beaches  traced  southwest- 
ward  through  SuD,  Constable  imd  thence  to  Norwood  and  Pots- 
dam, marine  shells  (Macoma  groeuUmdica)  were  found  at  an 
elevation  of  350  feet  (aneroid)  in  bottom  deposits  |  mile  north- 
east of  the  railroad  junction  at  Norwood  (formerly  Potsdam 
Junction).  The  highest  water  line  measured  in  the  vicinity  of 
Norwood  is  425  feet.  These  and  numerous  other  data  are  to 
be  worked  out  in  the  office  in  their  relations  to  the  shore  lines 
traced  on  the  east  side  of  the  Adirondacks. 

Incidently  Professor  Woodworth  discovered  some  remark- 
able slabs  of  Potsdam  sandstone  in  the  town  of  Mooers,  bearing 
several  well  preserved  crustacean  trails  (Climactichnites)  the 
location  and  nature  of  which  have  been  reported  to  this  ofl&ce 
and  are  discussed  in  the  report  of  the  state  paleontologist. 

Of  the  features  mapped  on  the  Mooers  quadrangle,  attention 
is  specially  called  to  the  so  called  "  Flat  Rocks/'  bare  areas  of 
the  Potsdam  sandstone  evidently  denuded  of  glacial  drift  by 
powerful  streams  of  water  forming  the  drainage  of  the  glacial 
lakes  lying  west  of  the  Covey  Hill  axis.  These  barren  areas 
are  of  interest  commercially  in  that  they  produce  large  crops 
of  huckleberries,  the  picking  and  sale  of  which  forms  a  con- 
siderable industry.  It  is  said  that  over  $4000  worth  of  this 
fruit  was  shipped  during  the  past  season  from  Altona  alone. 

Professor  Woodworth  was  so  fortunate  as  to  meet  the  party 
of  Canadian  and  New  York  State  engineers  engaged  this  season 
in  the  resurvey  of  the  boundary  line  from  Lake  Champlain  to  the 
St  Lawrence,  in  charge  of  Mr  C.  A.  Bigger  representing  the 
Canadian  government  and  Mr  H.  P.  Willis,  representing  the 
United  States,  and  is  indebted  to  these  gentlemen  ior  many 
favors  in  the  prosecirtion  of  his  work  along  the  border.  He  is 
also  indebted  to  Mr  T.  H.  Henderson  jr  and  Mr  Rock,  the  postmas- 
ter of  Mooers,  for  information  concerning  the  occurrence  of  the 
fossil  trails  in  that  town  and  to  Mr  William  Wray  of  Alder 
Bend  for  assistance  in  exploring  the  densely  wooded  tract  on 
the  north  slope  of  Dannemora  mountain. 

During  the  year  1902  Professor  Fairchild  was  in  the  field 
for  50  days  and  carried  on  his  work  in  central  New  York 
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in  continuation  of  work  done  in  the  two  previous  years.     The 
following  is  his  suniniary  of  the  work  and  his  conclusions: 

In  the  early  spring  and  summer,  visits  were  made  to  the 
region  of  Syracuse  and  Rome  to  complete  the  study  of  the 
lower  and  later  glacial  drainage.  The  results  of  this  work 
are  included  in  the  21st  report  of  the  state  geologist. 

Late  in  the  summer  two  short  visits  were  made  to  the  vicinity 
of  Clinton  and  Utica  in  continuation  of  the  study  of  the  earlier 
and  high-level  glacial  drainage.  It  was  found,  as  expected,  that 
elevated  channels,  in  continuation  of  those  described  in  the 
paper  published  in  the  20th  annual  report,  are  cut  across  the 
intervalley  ridges  east  and  west  of  Clinton  and  on  the  south 
slope  of  the  Mohawk  valley  beyond  Utica. 

The  main  work  of  the  vear  was  in  midsummer  and  late  in  the 
autumn  in  the  extreme  western  part  of  the  State,  in  the  effort 
to  complete  the  study  of  the  glacial  stream  and  lake  phenomena 
in  the  Erie  basin,  w^hich  had  been  under  way  for  st^'eral  years. 
This  investigation  covers  the  history  of  the  drainage  across 
the  divide  and  past  the  glacier  front,  as  well  as  the  phenomena 
of  the  vast  lakes  which  later  faced  the  glacier.  The  early  snow 
of  the  past  autumn,  prevented  the  com])letion  of  the  work.  A 
few  more  days  of  driving  will  ba  required  to  map  the  channels 
of  glacial  flow  east  and  west  of  the  Oatka  and  Tonawanda 
valleys.  The  recently  issued  United  States  Geological  Survey 
monograph  41,  by  Mr  Frank  Leveret t,  describes  tlu^  [\vci\  in  a 
general  way,  but  the  maps  of  the  present  writer  will  give  the 
channels  and  beaches  with  greater  fulness  and  precision.  It 
was  found  the  past  summer  that  all  the  way  from  Hamburg 
to  the  Pennsylvania  state  line,  the  steepest  slopc^s  facing  the 
northwest  had  been  swept  and  channeled  by  streams  held  up  to 
their  work  by  the  ice  front.  It  was  also  found  that  eastward 
from  Hamburg  and  East  Aurora  all  the  intervalley  ridges  have 
been  crosscut  by  the  How  of  the  glacial  waters.  The  correlation 
of  these  channels  with  the  valley  lakes  is  an  interc^sting  study. 
Where  the  lower  of  these  channels  opened  into  lakes  Whittlesey 
and  WaiTen,^  deltas  werc^  fcu'iiied  of  wide  extent.  These  are 
specially  prominent  at  Westfield,  Portland,  Fredonia,  Silver 
Creek,  Brant,  Eden,  Hamburg,  East  Aurora,  Elma,  Alden  and 
Fargo. 

The  full  history  of  the  glacial  waters  and  of  th(^  i(*(^  ref  rcsat  in 
western  New  York  will  make  a  storv  of  much  inten^st.  The 
prologue  may  be  given  here,  as  follows: 

At  its  greatest  advance  in  central-western  New  York  the 
latest,  OP  '*  Wisconsin,"  ice  sheet  had  at  its  front  a  reentrant 

*  See  plate  1. 
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angle,  the  point  of  the  reentrant  being  at  Salamanca.  On  the 
west  side  of  this  angle  the  ice  front  had  to  recede  only  some 
30  miles  to  allow  the  waters  of  Lake  Warren  to  creep  in  from 
the  westward.  The  entire  drama  of  the  glacial  waters  in  this 
region  occurred  in  that  narrow  belt.  But  north  of  the  angle 
the  ice  had  to  retreat  some  60  miles  in  order  to  let  the  Warren 
waters  into  the  Genesee  embayment.  And  to  allow  the  same 
waters  to  escape  eastward  to  the  Mohawk,  the  ice  had  to 
uncover  a  breadth  of  land  from  the  eastern  side  of  the  reentrant 
to  licme  or  Utica  of  about  150  miles.  Across  this  broad  tract 
of  dissected  plateau  the  ice  removal  was  the  recession  of  the 
continental  glacier.  In  the  basins  of  Erie  and  Ontario,  on  the  con- 
trary, vast  lobes  of  the  continental  glacier  were  left  as  com- 
paratively stagnant  masses,  to  spread  and  steadily  push  against 
the  bordering  high  ground  for  many  centuries.  Accretion,  by 
local  snowfall,  doubtless  prolonged  their  life. 

In  consequence  of  the  relation  of  the  land  topography  to  the 
position  and  movement  of  the  glacier  masses,  the  drainage  at 
the  west  was  westward  and  at  the  east  was  eastward.  The 
westward  drainage  slowly  backed  up,  or  extended  eastward, 
while  the  eastward  drainage  extended  westward.  In  other 
words,  with  the  contraction  of  the  Erie  ice  lobe,  the  land  and 
glacial  drainage  in  the  Erie  basin  found  escape  westward  to 
Lake  Warren,  and  ultimately  to  the  Chicago  outlet  and  the 
Mississippi  river,  such  drainage  extending  itself  eastward  as 
the  ice  receded,  while  the  eastern  waters  found  their  outlet  to 
the  ocean  by  the  Mohawk.  These  opposing  movements  met  in 
the  Syracuse  region.  This  was  the  critical  point,  because  here 
the  ice  lingered  the  longest  at  the  Warren  level.  Tlie  latter 
fact  is  explained  by  the  topography.  Oneida  and  Onondaga 
lakes  lie  in  a  broad  depression  of  the  Ontario  lowland  which 
is  abruptly  bordered  on  the  south  by  the  northern  edge  of  the 
Alleghany  plateau  and  the  Ontario  ice  mass  rested  long  on  this 
low  ground,  pressing  against  the  steep  north-facing  slope. 

Lake  Warren  had  successfully  crept  past  the  glacier  front 
from  the  Pennsylvania  border  of  the  State  and  had  captured 
all  the  drainage  on  the  north  of  the  divide,  sending  it  to  the 
Mississippi,  till  finally  it  reached  the  Onondaga  valley.  Then  it 
overreached  itself,  or,  as  it  were,  fell  into  ambush  and  defeat, 
for,  when  the  ice  south  and  southeast  of  Syracuse  backed  away 
a  little  more  from  the  high  ground,  the  Warren  waters  fell  over 
and  were  captured  by  Mohawk  drainage.  Lake  Warren  there 
and  then  found  its  extinction.  The  slow  eastward  discharge 
of  the  vast  body  of  the  Warren  water  produced  the  great  rock 
channels  across  the  high  ridges,  which  lead  into  the  Onondaga 
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and  Limestone  valleys  from  the  west  and  outward  on  the  east. 
These  waters  also  cut  the  channels  and  bluffs  bordering  the 
low  plain  all  the  way  from  Syracuse  to  Rome,  as  described  in 
the  paper,  "  Later  and  Lower  Pre-Iroquois  Channels/'  in  the 
21st  annual  report  of  the  State  geologist. 

The  systematic  treatment -of  the  whole  complex  problem  of 
the  glacial  waters  in  western  New  York  will  be  covered,  in  a 
series  of  final  papers,  as  follows: 

1  Glacial  waters  in  the  Erie  basin 

2  Glacial  waters  in  the  Genesee  basin 

3  Glacial  waters  in  the  Finger  lakes  region 

4  Pre-Iroquois  glacial  waters  of  Mohawk  drainage 

5  Lake  Iroquois,  in  New  York 

Paper  1  is  partly  written  and  the  field  work  relating  to  it  will 
probably  be  completed  early  in  the  coming  autumn  or  spring,  and 
the  manuscript  of  the  paper  be  ready  for  the  printer  in  1904. 

Economic  geology 

In  this  branch,  Museum  bulletin  44,  the  report  on  the  cement 
industries  of  the  State  by  Dr  Heinrich  Ries  has  been  completed 
and  will  soon  be  issued  from  the  press.  Museum  bulletin  61  on 
bluestone  quarries  is  also  in  the  printer's  liands.  Local  observa- 
tions have  been  made  on  the  various  economic  industries  in  dif- 
ferent sections  of  the  State  by  Professors  Bishop,  Sarle,  Hopkins, 
Sm}th  and  Logan,  and  their  communications  printed  herewith 
form  a  report  of  progress  for  ilie  fiscal  year. 
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MINERALOGY 

In  the  division  of  mineralogy  work  has  progros»sod  along  the 

following  lines: 

Publication 

During  the  year  Mr  Whitlock  has  completed  Museum  bulletin 
58  entitled  Guide  to  the  Mineralogic  Collections,  illustrated 
with  249  text  figures  and  77  halftone  reproductions  from  photo- 
graphs of  specimens  in  the  mineralogic  collection.  It  is  believed 
that  this  work  will  prove  useful  to  teachers  and  students  of 
jnineralogy  throughout  the  State  as  well  as  to  those  who  visit  the 
museum  with  the  intention  of  studying  its  collections.  The  divis- 
ion is,  at  present,  engaged  in  preparing  for  publication  a  detailed 
list  of  the  mineral  localities  of  the  State,  compiled  from  all  avail- 
able records  and  supplemented  by  facts  obtained  from  a  recon- 
naissance of  the  principal  localities. 

Curatorial  work 

Following  out  the  policy  of  installation  of  educational  ex- 
hibits, an  introductory  collection  has  been  prepared  with  a 
view  of  furnishing  the  visitor  with  the  elementary  knowk^dge 
necessary  to  a  more  perfect  appreciation  of  the  main  collection. 
This  introductory  collection,  which  serves  also  to  illustrate 
the  introductory  section  of  the  guide  mentioned  above,  con- 
tains specimens  and  models  illustrative  of  the  formation,  crystal- 
lization and  physical  properties  of  minerals. 

Advantage  was  taken  of  the  recent  popular  interest  in  vol- 
canism  aroused  by  the  eruption  of  Mt  Pelee  by  preparing  a 
small  exhibit  to  illustrate  the  theory  of  volcanic  action  and 
volcanic  distribution  and  products.  This  exhibit,  which  con- 
sists of  a  small  relief  model  in  clay,  maps,  photographs  and  speci- 
mens and  descriptive  text,  is  installed  in  the  section  devoted  to 
geology  on  the  second  floor. 

The  collection  illustrating  the  mineral  resources  of  the  State 
which  was  displayed  at  the  Pan-American  Exposition  is  now 
permanently  installed  on  the  second  floor.  A  series  of  photo- 
micrographic  transparencies,  showing  the  appearance,  of  typical 
rocks  in  thin  section  under  the  petrographic  microscope,  has 


REPORT   OF   THE    DIDECTOR   AND    STATE    (5E0L0GIST    1902  rl5 

been  prepared,  colored  from  the  original  sections,  and  will  be 
added  to  as  occasion  demands. 

A  set  of  lanteni  slides  prepared  from  the  photographs  used 
in  Bulletin  58,  was  exchanged  with  the  department  of  min- 
eralogy of  Columbia  University  for  mineral  specimens  valued 
at  $40. 

The  relabeling  of  the  main  collection  with  a  view  of  obtaining 
a  uniformity  of  label  is  now  in  progress,  the  work  on  one  half 
of  the  collection  having  been  completed. 

Field  work 

The  collecting  and  reconnaissance  work  of  the  division  for 
the  pasit  year  has  been  pushed  during  the  open  season,  and 
mineral  material  has  been  collected  as  follows: 

1  Tilly  Foster  mine,  Putnam  co.  Interesting  crystals  of  chon- 
drodite  and  magnetite,  brucite,  magnesite  and  a  good  series  of 
serpentine  and  serpentine  psendomorphg;. 

2  New  Kochelle,  Westchester  co.  An  interes.ting  series  of  ser- 
pentine and  associated  minerals  from  Davenport's  neck. 

3  Ellenville,  Ulster  co.  Specimens  of  galena,  sphalerite  and 
chalcopyrite  illustrating  the  occnrrence  and  association  of  the 
lead,  zinc  and  copper  ores  of  this  locality. 

4  Ancram,  Columbia  co.  Small  but  exceedingly  interesting 
crystals  of  albite,  resiembling  in  'habit  the  occurrence  of  the 
same  mineral  at  Williamstown  Mass. 

5  Staten  Island,  Kichmond  co.,  and  Hoboken  N.  J.  A  large  and 
complete  series  showing  the  derivation  of  the  serpentine  of  this 
locality.  Advantage  was  taken  of  an  extensive  excavation  in 
the  vicinity  of  Tompkinsville  to  obtain  unaltered  material  of 
considerable  interest  in  this  connc^ction. 

6  North  Kussell,  St  Lawrence  co.  A  contact  zone  between  the 
gneiss  and  limestone  which  has  been  recently  excavated  for 
mica  furnished  some  large  crystals  of  phlogopite,  some  of  which 
contained  pyrite  inclusions;  also  })yroxeue  in  larg(»  and,  in  one 
or  two  cases,  well  modified  crystals,  apatit(%  molybdenite, 
titanite  and  an  interesting  occurrence  of  a  ft4dspathic  mineral 
resembling  labradorite. 
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GLACIAL  WATERS  FROM  ONEIDA  TO  LITTLE  FALLS 

INTRODUCTION 

This  writing  is  in  continuation  of  the  article  published  in  the 
20th  annual  report  of  the  New  York  state  «:eologist  [2()th  r(^i)ort, 
1900,  p.  112-30],  and  describes  the  succession  and  the  work  of 
waters  held  by  the  glacier  in  the  valleys  of  Oneida,  Oriskany  and 
Sauquoit  creeks  and  the  Liohawk  river.  The  phenouK^na  were 
earlier  in  time  than  those  described  in  the  21st  annual  report 
[21st  report,  1901,  p.  33-47] . 

The  district  is  entirely  beyond  the  territory  invaded  by  Lake 
Warren  [see  p.  rlO-13  and  pi.  1],  though  the  earlier  phenomena 
v.^ere  contemporaneous  with  ihe  Warren  waters  in  tin*  western 
part  of  the  State. 

The  later  glacial  waters  in  these  valleys  found  ullinuite  escape 
down  the  Mohawk  valley,  but  in  their  flow  past  the  ice  front 
Ihey  cut  channels  or  benches  across  the  ridges  between  the 
valleys.  The  territory  including  these  features  is  all  mapped 
in  tlie  Oneida,  Oriskany,  Utica  and  Little  Falls  sheets  of  the 
New  York  State  topographic  rr»ap  and  is  i)artly  shown  in  i)late  2. 

The  earliest  waters  in  the  valleys  which  we  are  to  discuss 
were  forced  by  the  glacier  into  southward  ovcM'flow  across  the 
divide  to  Susquehanna  drainage.  These  primitive  glacial  lakes 
will  be  described  first. 

GLACIAL.    LAKES 

Cowaselon  lake 

This  glacial  lake  preceded  the  creek  of  that  nain(»  in  the 
valley  west  of  West  Stockbridge  hill,  covering  \\w  sit(*  of 
Merrillsville  under  400  feet  of  water.  In  its  higher  phase,  it 
was  a  i)art  of  the  lake  next  to  be  described,  as  its  watc^rs  were 
confluent  with  those  in  the  Oneida  valley.  Oneida  creek  heads 
west  of  the  Cowaselon  vall(\v  and  curvi^s  around  ])ast  the  h(»ad 
of  the  latter,  so  that  the  col  or  divide  at  the  head  of  Cowasehm 
valley  does  not  lead  to  southern  diainage  but  into  Onc^ida 
drainage.  The  highest  altitude  of  the  C'owasiOon  water  was 
therefore  the  same  as  the  higher  Oneida  waters,  about  1170  feet. 
With  the  earlier  falling  of  the  Oneida  wat(^rs  the  Cowaselon 
lake  might  have  had  the  altitude  of  its  own  col.  1120  feet.    The 
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valley  is  narrow  with  steep  walls,  and  not  favorable  to  the 
preservation  of  delta  terraces;  but  such  are  seen  between 
Hobokenville  and  Merrillsville.  The  channels  cut  across  the 
north  end  of  West  Stockbridge  hill  by  the  Cowaselon  waters 
escaping  eastward  were  described  and  mapped  in  the  former 
paper,  in  the  20th  report. 

Stockbridge  lake 
This  lake  occupied  the  upper  Oneida  valley,  covering  the  sites 
of  Stockbridge  and  Munnsville  villages,  which  were  under  500 
feet  of  water.  Judging  from  the  map  the  outlet  was  near 
White's  Corners,  over  a  mile  south  of  Pratt's  Hollow,  with  a 
hight  of  about  1170  feet,  and  leading  to  the  Chenango  river. 
The  later  escape  of  the  Oneida  waters  was  across  the  north 
end  of  Eaton  hill,  the  effects  of  which  will  be  described  later. 

Oriskany  lake 

Passing  east,  the  next  lake  occupied  the  upper  valley  of 
Oriskany  creek  as  far  north  as  Clinton.  The  outlet  of  this  lake 
was  at  Bouckville  to  Chenango  drainage,  with  a  hight  of  about 
1150  feet.  The  depth  of  water  near  Clinton  was  550  feet.  The 
later,  eastward,  overflow  was  across  the  ground  east  of  Clinton, 
and  this  later  stage  of  the  waters  may  be  called  the  Clinton  lake. 
The  succession  of  lake  levels  and  the  resulting  phenomena  will 
be  given  later  in  this  writing. 

Sauquoit  lake 

The  valley  of  Sauquoit  creek,  which  joins  the  Mohawk  river 
west  of  Utica,  was  flooded  with  glacial  waters  its  whole  length 
except  the  3  miles  below  New  Hartford.  The  outlet  of  the 
primitive  lake  was  at  Richfield  Junction,  to  the  Unadilla- Susque- 
hanna, with  altitude  of  about  1270  feet. 

The  ancient  valley  is  largely  filled  with  gravelly  moraine 
drift  from  Sauquoit  village  up  past  Richfield  Junction,  and 
for  some  unknown  distance  beyond  toward  Bridgewater.  The 
waters  flowing  from  the  receding  ice  front  filled  the  entire  width 
of  the  valley  with  an  overwash  gravel  plain  which  heads  north- 
east of  the  Richfield  Junction  station  and  declines  southward 
toward  the  Unadilla  valley.  This  was  the  primitive  outlet  of 
the  Sauquoit  glacial  lake.     The  present  creek  has  cut  deeply 
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into  the  gravel  plain,  and  further  artificial  excavation  behind 
the  station  gives  an  unusually  good  section  of  kame  or  glacial 
gravels  [see  pi.  3].  This  section,  90  feet  high  above  the  rail- 
road, shows  coarse  gravels  dipping  steeply  southward  (dip  of 
24°  or  more),  capped  by  nearly  horizontal  beds  of  variable 
material.^ 

The  railroad  levels  make  the  altitude  of  the  track  at  the 
station  1172  feet.  The  top  of  the  cliff  is  about  90  feet  above 
the  railroad,  but  the  plain  is  somewhat  higher  toward  the 
northeast,  and  this  southern  outlet  of  the  Sauquoit  waters  is 
taken  as  1270  feet. 

As  the  surface  of  the  Sauquoit  lake  was  more  than  100  feet 
higher  than  that  of  the  Oriskany  lake  on  the  west,  the  recession 
of  the  ice  barrier  on  the  crest  of  the  separating  ridge  allowed 
the  Sauquoit  waters  to  escape  westward  into  the  Oriskany 
waters.  The  channels  cut  by  this  westward  flow,  which  drained 
the  Sauquoit  waters  away  from  the  Richfield  Junction  outlet,  lie 
across  the  top  and  northwest  face  of  Crow  hill,  3  miles  south- 
east of  Clinton  [see  pi.  2J.  Tlie  highest  of  these  cuttings  shows 
as  a  steep  bluff  between  the  two  north  and  south  roads. 
Naturally  the  altitude  is  but  little  under  that  of  the  Richfield 
Junction  outlet,  or  about  1260  to  1250  feet.  The  two  other 
cuttings,  which  are  on  the  northwest  face  of  the  hill,  have  alti- 
tudes of  about  1200  and  1160  feet. 

The  recession  of  the  ice  front  from  Crow  hill  lowered  the 
Sauquoit  waters  to  the  Oriskany  level,  and  of  course  no  lower 
channels  are  found  here.  But  the  wave  cutting  by  the  Oriskany 
waters  may  possibly  be  found  at  about  1150  to  1140  feet  on  the 
exposed  northwest  spur  of  the  hill. 

This  second  stage  of  the  waters  in  the  Sauquoit  valley  was 
consequently  only  an  extension  of  the  Oriskany  lake,  with  outlet 
at  Bouckville.  Probably  this  phase  did  not  last  long,  as  the 
opening  of  still  lower  escape  by  channels  southeast  and  south  of 
TJtica  drained  the  waters  down  to  a  stage  which  we  may  call 
the  Clinton  lake. 


^  The  writer  is  indebted  to  Prof.  A.  P.  Brigham  for  indicating  the  location 
and  character  of  this  outlet. 
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Herkimer  and  TJtica  lakes 

This  name  is  applied  to  such  standing  waters  as  the  ice  front 
held  in  the  Mohawk  valley  above  Little  Falls  [see  pi.  2,  13]. 
They  were  never  large  and  their  extent  is  uncertain.  The  possi- 
bility of  lake  waters  in  the  valley  has  been  recognized  by  former 
writers,^  but  the  relationships  and  sequences  have  not  been 
discussed. 

A  rock  barrier,  which  will  be  described  later  in  this  writing, 
existed  at  Little  Falls  when  the  glacier  melted  away  from  the 
region,  and  probably  some  ice  drift  was  left  over  it.  But  no 
such  lake  ever  existed  in  the  valley  above  Little  Falls  as  would 
be  produced  there  today  if  the  rock  barrier  could  be  restored, 
tor  the  reason  tliat  the  present  graded  valley,  under  the  500 
foot  contour,  is  partly  the  product  of  river  action,  chiefly  by  the 
Iromohawk  (contraction  for  Iroquois-Mohawk)  with  some  effect 
of  the  modern  stream.  In  other  words  the  capacity  of  the  present 
valley  is  greater  by  whatever  amount  of  drift  the  rivers  have 
removed. 

The  7  miles  of  valley  from  Little  Falls  to  Herkimer  must  have 
been  partially  occupied  by  glacial  drift,  and  such  lake  as  rested 
here  when  the  ice  was  first  removed,  the  Herkimer  lake,  might 
have  been  at  least  partly  filled  by  the  detritus  of  West  Canada 
creek.  Brigham  suggested  that  the  water-laid  drift  on  the 
south  side  of  the  valley  at  Herkimer  might  be  the  front  of  the 
eroded  delta.  Even  today  the  river  is  crowded  to  the  south 
side  of  the  valley.  At  Frankfort  and  Ilion  the  deposits  were 
possibly  sufficient  to  block  the  valley,  for  to  the  detritus  of  the 
side  streams  was  here  added  that  of  the  floods  of  glacial  rivers 
which  terraced  the  hills  southeast  of  Utica  [sec  p.  r27]. 

The  initial  lake  waters  at  Little  Falls  were  probably  not  less 
than  600  feet  altitude,  as  that  is  the  hight  of  the  water-swept 
rock  on  the  north  side  of  the  barrier.  The  same  sloping  rocks 
on  the  south  side  [see  p.  r31J  ai'e  about  500  feet,  which  may  be 

^Chamberlin,  T.  C.  Terminal  Moraine,  etc.  U.  S.  Geol.  Sur.  3d  An.  Rept. 
p. 361-62. 

Taylor,  F.  B.     Letter  in  Am.  Geol.  May  1892.     9:344. 

Brigham,  A.  P.  Topography  and  Glacial  Deposits  of  the  Mohawk  Valley. 
Geol.  Soc.  Am.  Buf.  1898.     9:188-210. 
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regarded  as  the  highl  of  the  wasteweir  during  the  principal 
stage  of  the  waters  previous  to  Iroquois  time.  On  the  500  foot 
contour  the  valley  averages  over  a  mile  wide,  the  widest  section 
being  some  two  and  one  lialf  miles,  at  Utica;  and  it  is  36  miles 
long  from  Little  Falls  up  to  Rome.  Such  is  the  basin  of  the 
hypothetic  lake  waters,  which  probably  had  existence  at  the 
ice  front,  expanding  as  the  ice  front  slowly  retreated  up  the 
valley  (northwest)  and  they  probably  shallowed  or  were  locally 
supplanted  by  alluvial  filling  successively  in  the  same  direction  as 
far  as  Frankfort.  The  waters  above  Frankfort,  called  the  Utica 
lake,  seem  to  have  remained  open,  with  a  series  of  marginal  deltas, 
at  520  feet  altitude.  The  deposits  and  the  river  history  will  be 
considered  later  [p.  r35J. 

GLACIAL,   drainage:   FROM   ONEIDA  VALLKY   TO   ORISKANY   VALL.EV 

High-level  channels  on  Eaton  hill  \sec  pi.  2] 

The  primary  glacial  waters  in  the  Oneida  valh^v,  Stockbridge 
lake,  were  drained  down  to  a  lower  level  when  the  ice  sheet  un- 
covered Eaton  hill,  7  miles  southeast  of  Oneida.  The  bold  north 
front  of  this  great  hill  is  conspicuously  terraced  and  channeled 
by  the  rivers  which  curved  about  it,  held  in  place  by  the  ice 
front.  These  channels  are  mapped  in  j^lato  2.  The  highest 
of  these  channels  is  over  1100  feet  altitude,  and  the  lowest  is 
800  feet.  North  of  the  lowest  channel  is  a  moraine  which  was 
protected  from  stream  erosion  by  the  high  ground  on  the  west. 

The  two  highest  channels  on  the  brow  of  Eaton  hill  had  cata- 
racts on  the  east  slope,  and  the  cutting  reaches  down  to  1000 
feet.  This  indicates  that  the  receiving  water  on  the  east,  in 
the  Sconondon  valley  (which  we  may  call  the  Vernon  Center 
lake),  was  standing  at  about  1000  feet.  This  in  turn  indicates 
that  the  ice  front  on  the  east  had  receded  farther  north,  being 
south  of  Lairdsville  and  permitting  How  into  the  Oriskany 
waters  at  the  Clinton  stage.  The  rath(a*  indefinite  scourvvay 
leading  east  to  Hamilton  College  grounds  seems  to  correlate 
with  the  higher  Eaton  hill  channels. 

The  above  conditions  imply  still  further*  that  the  ice  front 
near  Utica  had  receded  far  enough  to  allow  overflow  of  the 
Clinton  waters  through  an  800  foot  channel  east  of  Clinton,  and 
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a  740  foot  channel  south  of  Forest  Hill  cemetery  and  Deverei 
hill,  southwest  of  Utica. 

The  above  correlations  prove  that  the  general  trend  of  tl 
receding  front  of  the  glacier  over  this  broad  region  was  nori 
of  east  and  south  of  west.  Such  oblique  direction  was  a  co 
dition  necessary  to  the  eastward  escape  of  the  glacial  waters 
the  Syracuse-Utica  district.  This  has  been  discussed  in  tl 
former  writing  [N.  Y.  State  Geol.  21st  An.  Rep't,  p.  35,  36]. 

No  channels  occur  on  the  slope  of  Eaton  hill  or  the  meridij 
of  Vernon  below  the  800  foot  channel.  The  ground  is  large 
morainal,  of  the  subdued  type  laid  under  water.  Two  mil 
northwest  of  Vernon  occurs,  however,  a  moraine  tract  of  shai 
relief.  The  absence  of  channels  below  800  feet  suggests  thi 
the  Vernon  Center  waters  must  have  preserved  a  level  n< 
much  under  that  hight  all  the  time  that  the  ice  was  clearii 
away  from  the  tract  of  ground  in  the  neighborhood  of  Verno 

Channels  west  and  northwest  of  Clinton  [see  pi.  2] 
The  highest  of  these  channels  is  a  cutting  across  the  hsu 
of  Prospect  hill,  4  miles  southwest  of  Clinton.  It  lies  aero 
the  north  and  south  road,  south  of  four  corners  [see  pi.  2 
with  altitude  according  to  the  map  contours  of  1280  feet.  J 
this  is  more  than  100  feet  higher  than  the  southern  outlet 
Stockbridge  lake,  it  is  evident  that  it  carried  only  the  loc 
waters  held  in  the  heads  of  valleys  immediately  west  of  tl 
scourway. 

The  next  pronounced  channel  is  a  small  but  sharp  cut  1 
miles  farther  north,  croissing  the  same  highway  at  three  cc 
ners  just  south  of  the  town  line,  and  continued  east  as  a  ste< 
bank  at  nearly  the  same  level  across  the  north  face  of  t] 
hill.  The  contour  hight  is  1160  feet,  which  makes  it  compete: 
to  carry  the  Stockbridge  waters,  even  if  we  make  no  allowan 
for  northward  differential  uplift  since  the  Glacial  period.  Fro 
here  northward  and  northeastward  are  several  channels 
benches  cut  in  the  north-facing  slope,  as  shown  in  plate 
One  of  the  higher  scou-rways,  and  the  one  extending  farthe 
down  the  slope  into  the  Oriskany  valley,  leads  southeast  to  t" 
Hamilton  College  grounds.    It  forms  the  smooth  slope  behi] 
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the  college  hill,  and  terminates  as  two  ravines,  largely  of  recent 
cutting,  north  and  south  of  the  college  grounds. 

The  lowest  channels  which  lead  across  from  the  Oneida  valley 
to  the  Oriskauy  valley  are  three  or  four  ill  defined  scourways 
crossing  the  north  and  south  road  2  miles  northeast  of  Vernon, 
and  parallel  to  the  West  Shore  Railroad.  They  are  spread  over 
a  breadth  of  more  than  a  mile,  and  all  lead  into  Deans  creek. 
Their  altitude,  by  the  contours,  is  060  to  640  feet.  The  weakness 
of  the  scourways  is  probably  due  not  to  deficiency  of  water, 
but  to  lack  of  eroding  power,  the  streams  being  already 
graded  to  their  base  level  in  the  Oriskany  valley. 

As  the  ice  front  receded  still  farther  toward  Rome,  there 
was  cljiance  for  yet  lower  escape  of  the  Oneida  valley  waters, 
but  the  ground  between  Hecla  Works  and  Stanwix  has  not 
been  examined. 

All  the  north-facing  slope  from  Prospect  hill  to  Lairdsville 
has  been  quite  denuded  of  its  drift  by  the  stream  action,  and 
the  cut  banks  and  channels  are  mostly  in  rock.  This  is  charac- 
teristic of  all  such  slopes  which  have  been  subjected  to  stream 
erosion  at  the  lower  ice  front.  Examples  are  found  all  the 
way  from  Westfield  in  the  Erie  basin  to  east  of  Utica. 

Low-level  channels  from  Oneida  to  Eome 

The  latest  and  lowest  channels  cut  by  the  east  flowing  glacial 
waters  before  Lake  Iroquois  was  established  are  found  on  the 
line  between  Oneida  and  Rome.  These  latest  pre-Iroquois 
channels  are  described  in  the  last  (21st)  report. 

GliACIAIi  drainage:   from   OKISKANY    VALLBY   to   MOHAWK 

VALiLKV 

Channels  east  of  Clinton  [sec  pi.  2] 

The  channels  on  Grow  hill  have  already  been  described  on 
page  r21.  The  only  channel  observed  hy  the  writer  north  of 
Crow  hill  is  a  broad  scourway  which  heads  less  than  2  miles 
northeast  of  Clinton,  at  about  780  feet  altitude  according  to 
the  map  contours  [see  pi.  2].  This  channel  leads  northeast 
and  then  east,  and  passes  to  the  south  of  New  Hartford.  It  is 
a  good  example  of  the  type  of  shallow  channel  or  scourway 


N. 
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made  by  water  which  had  little  fall  to  reach  its  receiving  bodj 
or  base  level. 

Careful  examination  of  the  area  between  Clinton  and  the 
Sauquoit  may  find  other  evidences  of  eastward  stream  flow.^ 

Channels  south  of  TJtica  [see  pi.  2] 

The  highest  cutting  observed  lies  above  the  1000  foot  con- 
tour, on  the  northwest-facing  slope,  over  1  mile  south  of  the 
three  reservoirs.  Like  nearly  all  the  stream  channelings  on 
steep  hillsides,  it  shows  as  a  notch  or  terrace  in  the  slope,  with 
a  steep,  concave  bank,  the  northern  river  bank  having  been  the 
ice  front.  Another  cutting  occurs  %  mile  to  the  north,  between 
the  800  foot  and  900  foot  contours. 

A  capacious  and  typical  channel  lies  south  of  Devereux  hill, 
1  mile  south  of  Utica  city  line.  It  begins  as  a  cut  bank  on 
the  west-facing  slope  nearly  a  mile  south  of  Forest  Hill  ceme- 
te<ry.  Swinging  around  between  the  hills,  it  forms  eastward  a 
decided  channel  40  to  60  rods  wide  at  bottom  and  a  mile  long. 
Its  eastward  termination  is  a  cut  bluff  south  of  the  three 
reservoirs.  The  altitude  of  this  channel  is  about  800  feet  at 
the  head  and  700  feet  at  the  east  end.  This  channel  carried 
the  overflow  of  the  later  Sauquoit  waters  at  the  time  when 
the  broad,  shallow  channel  east  of  Clinton  was  pouring  a  slow 
flood  into  the  Sauquoit  waters  from  the  Oriskany  lake  at  the 
Clinton  stage. 

Northwest  of  the  head  of  the  channel  described  above  are 
two  cuttings,  one  at  about  640  feet  lying  on  the  road  leading 
to  Forest  Hill  cemetery,  the  other  at  about  600  feet  following 
along  the  highway  between  New  Hartford  and  Utica.  These 
two  banks  curve  around  the  slope  and  unite  to  make  the  ele- 
gant, smooth,  concave  bank  of  river  erosion  which  forms  the 
north  base  of  Devereux  hill,  in  the  south  edge  of  TJtica,  with 
hight  about  600  feet. 


1  Since  the  above  was  written,  Prof.  Charles  H.  Smyth  of  Clinton  has  noted 
several  lower  scourways  on  the  east  wall  of  the  valley  near  Clinton.  These  are 
not  mapped  on  plate  2. 
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Channels  southeast  of  TJtica  [see  pi.  2] 

The  steep  north-facing  slope  of  Frankfort  hill,  southeast  of 
Ctica,  is  one  of  the  best  examples  of  glacial  stream  work  in 
central  New  York.  The  steepest  part  of  the  hill  rises  700  feet 
in  1  mile  (from  r)40  to  1200  feet,  by  the  map).  The  whole  north 
face,  some  3  miles  in  breadth,  is  denuded  of  drift  and  the  rock 
is  carved  into  channels  and  very  conspicuous  bluffs,  some  of 
which  are  shown  in  plates  4-7. 

The  highest  conspicuous  evidence  of  stream  cutting  occurs 
near  the  1200  foot  contour  on  the  spurs  north  of  the  Merry 
triangulation  station  [see  pi.  2].  Some  cutting  in  continua- 
tion of  the  same  flow  can  probably  be  found  southeastward,  or 
south  of  Center.  Conspicuous  cut  banks  have  been  seen  on  the 
saliences  at  about  the  1000  foot  and  900  foot  contours  south  of 
Center,  toward  the  Moyer  creek  gulf. 

On  the  north  face  of  the  Frankfort  hill,  below^  the  1200  foot 
channel,  are  not  less  than  six  strong  cuts,  appearing  mainly  as 
steep,  concave  bluffs,  which  give  the  hill  from  a  distance  a 
terraced  proiile  [see  pi.  7J.  The  most  conspicu(/Us  bluff  is  at  900 
to  1000  feet  [see  pi.  4].  A  channel  with  its  north  bank  in  rock  lies 
at  730  feet,  the  head  of  the  cut  being  a  bluff  on  the  west  face  of  a 
hill  by  Starch  Factory  creek.  Tlu^  two  lower  scourways  lie  either 
side  of  the  east  and  west  road,  between  Starch  Factory  and  Fergu- 
son creeks,  and  become  one  at  the  junction  of  the  north-leading 
road.  Plate  7  is  a  reproduction  of  a  ])liotograpli  taken  ^/4  mile 
east  of  the  three  corners  and  behind  Mrs  Lipa's  house,  looking 
toward  the  great  hill  slope.  The  bluff  at  the  top  is  the  1000 
foot  cutting.  The  broad  channc^l  and  high  bluff'  in  the  middle 
of  the  view  is  the  union  of  the  two  strong  and  far  separatcMl 
channels  at  the  west,  by  the  county  line,  illustrated  in  plates 
5,  6.  At  the  west  end  of  the  hill  face,  on  the  highway  and 
county  line,  are  seven  bluff's  or  channels  which  are  united  east- 
ward into  the  three  stream  cnttings,  two  shown  in  the  view, 
plate  7,  and  the  third  lying  northward  below  llie  east  and  west 
highway.  Two  higher  cuttings,  at  1080  feet  and  toward  1200 
feet,  do  not  appear  in  the  view.     The  channels  are  all  in  L  tica 
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shale,  Oneida-Medina  rocks  api)earing  toward  the  top  of  the 
hill. 

East  of  Frankfort  hill,  and  5  miles  southeast  of  Utica,  is 
Dutch  hill,  forming  the  -abrupt  south  wall  of  the  Mohawk  val- 
ley, with  the  river  at  its  base.  The  steep  north  face  of  this 
hill  is  terraced  by  stream  flow  held  up  by  the  ice  front.  Plates 
8-12,  are  views  of  the  face  of  this  hill.  No  glacial  drift  re- 
mains on  the  slopes,  which  are  Utica  shale.  Plate  9  shows  the 
face  of  the  hill  as  seen  from  the  electric  railway  (Utica  &  Mo- 
hawk Valley  Railroad),  near  "stop  4."  The  highest  stream 
cutting  is  not  visible  in  this  view  from  the  foot  of  the  steep 
slope,  but  is  shown  on  plate  8.  It  is  a  bold,  cut  bank,  some  30 
to  40  feet  high,  facing  a  gently  sloping  terrace  some  40  rods 
wide.  The  altitude  of  the  angle  or  notch  of  the  cutting  is 
nearly  1000  feet.  About  150  feet  below  the  highest  cut  is  an 
indefinite  bank,  indicated  in  plates  9,  10,  by  the  banks  of  snow 
near  the  sky  line.  The  lower  and  stronger  bluffs  are  shown  in 
these  plates,  the  higher  being  at  about  700  feet  and  the  lower 
about  540  feet. 

East  of  "  stop  4  "  is  a  landslip  on  the  face  of  the  lowest  bluff, 
that  occurred  in  the  spring  of  1903,  a  few  weeks  before  the 
photographs  reproduced  as  plates  9,  11  were  taken.  This  is 
significant  in  this  connection,  as  showing  the  character  of  the 
hill  slope  and  the  entire  absence  of  drift.  The  slide  was  pro- 
duced by  a  veneeir  of  the  rotted  shale  slipping  on  its  bed.  Near 
the  top  of  the  steep  slope  is  a  hummocky  belt,  below  the  banks 
of  snow  shown  in  plates  9,  10,  which  is  the  product  of  old 
landslips. 

The  northeast  face  of  Dutch  hill  is  cleft  by  a  deep  notch  or 
ravine.  The  eastern  portion  of  the  steep  face  of  the  hill  shows 
from  the  base  only  two  conspicuous  bluffs,  the  two  lower  ones 
of  the  west  end  of  the  hill  being  eastward  united  into  one.  The 
union  of  channels  toward  the  east  is  similar  to  that  on  the 
Frankfort  hill. 

The  reader  who  is  able  to  visit  the  locality  (even  a  ride  on 
the  New  York  Central  or  the  West  Shore  Eailroads  is  suffi- 
cient)  should  observe  the   difference  between   the   profiles   of 
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Dutch  hill  and  the  steep  hill  across  the  river  from  Frankfort. 
The  map  contours  represent  the  latter  slope  quite  correctly, 
as  a  steep  and  fairly  uniform  slope.  It  was  not  cut  and  ter- 
raced by  glacial  stream  flow  like  Frankfort  and  Dutch  hills, 
though  it  may  have  been  swept  by  water  flow  on  the  north  side 
of  the  valley  ice  lobe. 

There  is  a  peculiar  and  interesting  complication  in  the  drain- 
age about  Dutch  hill.  It  will  be  seen  by  the  map  contours 
[pi.  2]  that  the  hill  is  somewhat  isolated,  being  an  outlier 
from  the  highland  on  the  south.  According  to  the  contours  the 
valley  behind  the  hill  has  a  hight  at  the  col,  east  of  Center, 
of  840  feet.  It  would  be  expected  that  all  flow  of  high  water  past 
the  ice  front  would  take  advantage  of  this  pass,  down  to  the 
level  of  the  col,  840  feet.  There  are  conspicuous  evidences  of 
water  cutting  on  the  valley  side  south  of  Center  at  about  1000 
feet  and  at  about  900  feet.  But  there  is  no  sufficient  evidence 
of  any  water  flow  across  the  col.  It  is  positive  that  no  con- 
siderable stream  ever  passed  there.  Yet  there  are  unmistak- 
able proofs  of  strong  river  work  from  1000  feet  downward  on 
the  north  side  of  Dutch  hill.  What  prevented  the  water  from 
passing  through  the  valley  behind  Dutch  hill?  The  only  ex- 
planation is  that  a  block  of  ice,  detached  from  the  glacier  front, 
rested  for  a  long  time  in  the  valley,  over  the  site  of  Center,  and 
obstructed  the  drainage  through  the  valley  till  the  waters  had 
fallen  below  840  feet.  Another  confirmation  of  this  theorv  is 
found  in  two  small  stream  cuttings  on  the  south  side  of  the 
top  of  Dutch  hill,  along  the  north  side  of  the  east  and  west 
highway  [see  pi.  2].  These  required  a  barrier  on  the  south 
side  of  the  hill.  They  represent  the  first  cutting  by  glacial 
waters  on  Dutch  hill,  all  the  later  flow  passing  on  the  north 
side. 

It  is  probable  that  evidences  of  water  cutting  may  be  found 
further  down  the  Mohawk  vallev  on  the  vallev  slopes.  Thin 
may  be  looked  for  specially  west  and  south  of  Frankfort. 
Stream-cut  cliffs  on  the  high  valley  slope  4  miles  sonthwc^st  of 
Little  "Falls  are  plainly  visible  from  the  New  York  Central 
railroad.     Also  the  peculiar  phenomena  found  behind  Dutch 
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hill,  where  stream  flow  occurred  either  side  of  an  ice  block, 
which  filled  and  protected  the  vaile}^  bottom,  are  to  be  ex- 
pected in  the  Mohawk  valley;  along  with  the  consequent  pond- 
ing of  the  welters  in  side  valleys  and  delta  fillings.  However, 
the  writer's  task  of  tracing  the  high  glacial  waters  of  western- 
central  New  York,  in  their  flow  past  the  receding  ice  front, 
around  into  the  Mohawk  valley  with  free  course  to  the  sea,  is 
here  completed. 

It  may  be  noted  that  the  eastward  flow  of  Ihe  waters  proves 
thai:  there  was  at  this  time  no  ioe  blockade  in  the  lower  Mohawk 
region. 

MOHAWK   VAIiLEY   FEATURES 

Barrier  at  Little  Falls 
Structure 

The  critical  element  in  the  drainage  phenomena  of  the  upper 
Mohawk  valley  is  the  rock  barrier  at  Little  Falls.  Even  the 
casual  observer  on  the  railroads  must  have  noticed  the  narrow 
rocky  gorge  and  the  palisade  character  of  the  lower  walls. 
The  latter  feature  is  partly  artificial  in  places,  as  the  low^er, 
narrow  gorge  has  been  much  cut  to  give  room  for  the  Erie 
canal  and  three  railroads.  The  locality  is  interesting  in  itself, 
apart  from  its  relation  to  the  glacial  waters,  and  it  merits 
description. 

The  existence  of  this  rock  barrier  at  Little  Falls  is  due  to  a 
great  fault,  the  most  westerly  of  a  series  of  ancient  faults 
which  lie  athwart  the  lower  Mohawk  valley  from  Little  Falls 
eastward  to  Eotterdam,^  and  which  produce  the  narrow  places  in 
the  valley  and  the  bold ,  east-facing  cliffs  at  several  localities. 
Like  the  other  faults,  this  one  has  the  upthrow  side  on  the 
west,  thus  forming  a  great  scarp  or  steep  slope  of  hard  rocks 
facing  east.  The  upthrow  carried  high  into  the  air  the  strata 
of  the  region  (Utica  shale,  Trenton  limestone,  and  Calciferous 
sandrock)  and  even  brought  well  up  to  view  the  Archean  crys- 
tallines i^augite  syenite  of  the  state  map).  Exosion  has  re- 
moved all  the  clastic  rocks  and  has  left  the  crystallines  ex- 
posed at  the  valley  bottom  for  a  width  of  over  half  a  mile. 


'  See  description  by  N.  H.  Darton  in  14th  An..Repa  N.  Y.  State  Geol.  1894. 
p.  35.  These  faults  are  plainly  indicated  on  the  Geologic  Map  of  New  York 
by  F.  J.  H.  Merrill,  state  geologist,  1901. 
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This  rock  forms  the  foundation  for  the  city  of  Little  Falls,  and 
the  high  terraces  of  bare  rock  [pi.  14-17]  which  extend  east  of 
the  city  for  more  than  a  mile  to  the  fault  cliff.  These  upper 
terraces  have  been  produced  by  the  cutting  away  of  the  Cal- 
eiferous  down  to  the  basal  crystalline;  while  the  lower  terraces 
[see  pi.  18-25]  have  been  made  by  the  trenching  of  the  crystalline 
rock  by  the  Iromohawk  (Iroquois-Mohawk)  and  the  Mohawk 
rivers. 

The  upper  terraces,  representing  the  top  of  the  crystallines, 
dip  rather  steeply  to  the  southwest,  like  all  the  strata  at  that 
point,  and  in  consequence  the  rock  terrace  on  the  north  side  of 
the  river  is  about  100  feet  higher  than  on  the  south  side.  For 
the  same  reason,  the  top  of  the  crystallines  is  higher  at  the 
crest  of  the  fault  scarp  than  westward  at  the  city,  and  w^est 
of  the  city  it  disappears  under  the  Calciferous.  The  lower 
benches,  which  are  product  of  river  erosion,  slope  east  or  down 
stream.     These  relations  of  the  rocks  are  shown  in  the  plates. 

The  rear  boundary  of  the  north  terrace,  or  the  base  of  the 
Calciferous,  is  practically  the  600  foot  contour  [see  pi.  13].  On 
the  south  side  the  corresponding  terrace  is  about  the  500  foot 
contour.  A  road  follows  along  the  back  of  each  terrace.  So 
much  for  the  structure  imd  present  form.  I^et  us  now  translate 
the  history. 

Hist07nj 

It  was  suggested  by  Chamberlin  that  before  the  Glacial  period 
there  existed  here  at  Little  Falls  a  divide  between  Hudson  and 
St  Lawrence  waters.  Brigham  has  Sihown  that  piobably  the 
rock  bottom  of  the  valley,  beneath  Ihe  filling  of  drift  and 
alluvium,  slopes  northwestward  (up  the  i)resent  valley)  to  Rome. 
We  may  reasonably  assume  that  the  hard  rocks  at  Little  Falls 
formed  an  ancient  col  in  the  preglacial  valley,  and  that  Ihe 
waters  flowed  away  from  this  point  in  opposite  directions.  The 
form  or  hight  of  this  col  we  do  not  know;  but  we  may  be  sure 
that  it  was  unlike  its  present  form.  It  is  possible  Ihat  some 
Calciferous  was  in  place  on  the  Archean  crystallines,  and  possi- 
bly the  latter  were  not  exposed  at  all.  It  is  also  probable  that 
the  glacier  left  some  drift  in  this  section  of  the  valley.  The 
form  and  dimensions  of  the  valley,  with  its  position  and  rela- 
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tions  to  the  high  ground  and  the  ice  body,  do  not  favor  the 
idea  of  very  great  erosion  by  the  ice,  though  some  ice  abrasion 
seems  quite  probable.  The  surface  form  of  the  crystallines  on 
the  north  side  of  the  channel  may  possibly  be  due  to  ice  abrasion, 
but  no  positive  evidence  was  found  by  the  writer.  The  present 
form  of  the  rock  channel  at  Little  Falls  is  chiefly,  if  not  entirely, 
the  product  of  river  erosion. 

« 

stream  erosion 

The  investigation  of  one  other  locality  will  determine  the 
limit  of  hight  for  the  Little  Falls  col  as  it  was  left  by  the 
glacier. 

About  4  miles  south  of  Little  Falls  is  a  low  pass  through  the 
hills,  leading  to  Newville  village  and  the  Nowadaga  creek 
and  to  the  Mohawk  valley  at  Indian  Castle.  The  writer  has 
not  been  on  this  col,  but  the  gap  can  be  seen  from  the  New  York 
Central  Eailroad  and  from  the  electric  road;  and  the  fact  that 
the  pass  carried  glacial  waters  is  proved  by  the  conspicuous 
lines  of  stream  cutting  plainly  to  be  seen  on  the  slopes  south 
of  Jacksonburg  and  4  miles  southwest  of  Little  Falls.  This 
makes  it  certain  that  the  Glaciomohawk  waters  found  the  col 
at  Little  Falls,  as  left  by  the  ice,  lower  than  the  col  among  the 
hills  on  the  south  even  after  the  stream-cutting  of  the  latter; 
otherwise  the  waters  could  not  have  deserted  the  southern  for  the 
northern  outlet.  The  Jacksonburg  drainage  cuts  were  made  by  the 
high-level  waters  escaping  past  the  ice  lobe  resting  in  the  valley. 
When  the  Mohawk  valley  was  deserted  by  the  ice,  the  Little  Falls 
pass  took  the  drainage.  The  present  altitude  of  the  southern 
pass,  which  is  given  by  the  map  as  740  to  760  feet,  makes  the 
limit  for  tlie  possible  thickness  of  drift  left  on  the  600  foot  rock 
terrace  at  Little  Falls  as  about  150  feet. 

The  Archaean  rock  has  no  drift  on  it  now,  and  is  apparently  all 
water-swept  [sec  pi.  15-19].  As  the  surface  declines  southward 
about  100  feet  in  the  width  of  the  channel,  it  sieems  evident 
that  some  kind  of  filling  on  the  col  was  necessary  to  hold  the 
stream  to  its  work  against  the  north  side.  It  would  appear 
that  the  postglacial  stream  began  its  work  by  cutting  across 
the  col  on  the  north  side;  that  the  resistance  of  the  crystalline 
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rock  prevented  rapid  down  cutting,  and,  as  the  stream  was 

forced   to  cut   laterally   it  migrated   southward,   denuding  the 

crystalline  rock  of  its  cover,  either  of  rock  or  drift.    The  later 

erosion  was  concentrated  on  the  south  side,  and  the  crystallines 

were  finally  trenched  as  we  find  them  now.     The  earlier  flow 

must  have  had  a  great  cascade  over  the  fault  cliff,  and  the  map 

contours  in  plate  13  show  the  wider  valley  below,  headed  by 

an  amphitheater,  but  the  cliff  has  been  worn  to  a  slope  as 

shown  in  plate  24. 

Altitudes 

For  correlation  with  the  lake  and  stream  phenomena  up  the 
valley,  it  is  necessary  to  determine  altitudes  of  the  phases  in 
the  down  cutting  of  the  rock  barrier.  The  base  of  the  Calci- 
ferous  on  the  north  side,  along  Loomis  street  (the  Dolgeville 
road),  the  highest  visible  cutting,  is  600  feet.  The  Archaean  is 
eroded  into  irregular  benches,  and  near  the  city  the  lower 
strong  terrace,  carrying  Burwell  street,  is  about  500  feet. 
Eastern  park,  in  the  city  on  the  south  side  of  Burwell  street, 
and  "  Lovers  Leap  "  on  the  south  side  of  the  gorge,  are  about 
480  feet.  The  main  part  of  the  city  is  on  the  lower  terraces, 
from  500  down  to  400  feet.  Moss  island  is  sho^vn  by  the  contours 
as  400  feet.  The  New  York  Central  station  is  376  feet.  The 
river  at  the  head  of  the  rapids  is  360  feet,  and  at  the  foot  of 
the  rapids  320  feet.  The  principal  overflow  on  the  rock  barrier 
was  at  500  to  400  feet.  The  more  recent  trenching  is  from  about 
400  feet  downward. 

The  amount  of  down  cutting  by  the  present  river  is  relatively 
small.  In  the  western  part  of  the  city  the  broad  plains,  occupied 
by  buildings  and  the  railroads,  and  undoubtedly  the  work  of  its 
great  predecessor,  the  Iromohawk,  are  only  15  or  20  feet  over 
the  present  waters.  At  the  dams  the  water  is  not  many  feet 
below  the  ancient  rock  platforms.  The  conclusion  is  that  the 
Mohawk  has  made  only  a  narrow  and  shallow  cut  in  the  older 
and  broader  channel,  notwithstanding  the  fact,  as  pointed  out 
by  Dr  Gilbert,  that  it  is  a  loaded  stream,  provided  with  cutting 
tools. 
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Valley  and  river  gradients 

The  present  grade  of  the  Mohawk  flood  plain  is  from  360  feet 
at  Little  Falls  to  420  feet  at  Eome.  This  is  60  feet  in  36  miles, 
or  1  foot  and  8  inches  slope  a  mile.  The  outlet  or  wasteweir  of 
I^ake  Iroquois  at  Rome  has  been  somewhat  obscured  by  alluvial 
deposit  of  the  present  Mohawk.  The  amount  of  filling  is  not  de- 
termined but  is  thought  to  be  of  small  depth.  The  present 
altitude  of  the  col  south  of  Rome  is  about  430  feet.  .  If  we 
allow  20  feet  depth  of  water  over  the  present  broad  plain 
at  Rome,  we  have  an  altitude  of  the  Iroquois  waters  at  the 
outlet  of  450  feet,  at  the  closing  phase.  The  present  Mohawk 
river  has  not  greatly  changed  the  rock  channel  at  Little  Falls 
from. the  condition  in  which  the  Iromohawk  left  it,  and  if  we 
lake  the  water  surface  of  the  latter  as  about  390  feet,  or  30 
feet  over  the  present  Mohawk  flood  plain,  we  have  a  gradient  of 
the  Iromohawk  the  same  as  given  above  for  the  present  river. 

It  is  quite  certain  that  postglacial  deformation  of  the  area 
has  not  depressed  the  Rome  region  relatively  to  Little  Falls, 
as  such  movement  would  be  in  opposition  to  all  the  changes  of 
level  over  the  Great  lakes  and  New  York  State.  It  may  be 
assumed  that  the  Iromohawk,  a  volume  of  water  like  the  St  Law- 
rence, did  not  have  any  steeper  gradient  than  the  present  valley 
would  allow.  Indeed  such  gradient  far  exceeds  that  of  the 
great  rivers  in  their  graded  sections.  It  is  more  likely  that  the 
Iromohawk  slope  was  less  than  the  above  estimate  and  that  the 
river  was  broad  and  shallow  at  the  head  and  narrow  and  deep 
at  Little  Falls.  However,  there  are  reasons  connected  with  the 
lacustrine  levels,  as  will  appear  later,  and  with  the  Iroquois 
levels  in  central  New  York,  which  make  it  probable  that  the 
Rome  locality  has  not  been  much,  if  at  aill,  lifted  relative  to 
Little  Falls.*  Our  working  theory  is  that  the  present  Mohawk 
valley  shows  a  gradation  plain  of  the  greater  river,  which  in 
form  and  altitude  is  practically  as  that  greater  river  left  it.  The 
early  Iromohawk  had  a  higher  head,  by  whatever  amount  the 
Rome  outlet  has  been  cut  down,  but  on  the  other  hand  it  had  a 
higher  base-level,  by  whatever  amount  the  rock  barrier  at  Little 
Falls  has  been  trenched. 
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Deposits  in  the  valley.    Lake  plains 

The  valley  deposits  are  somewhat  complicated  and  can  not  be 
completely  differentiated  witlioiit  detailed  study.  The  ice  sheet 
undoubtedly  left  considerable  drift  in  the  valley  bottom  and 
along  the  sides,  both  till  and  kame.  The  drainage  from  a  stretch 
of  the  glacier  front  was  concentrated  in  the  valley  to  make 
kames,  moraine  terraces  and  glacial  deltas.  The  streams  from 
the  side  valleys  spread  their  detritus  on  or  alongside  the  ice  lobe 
or  built  deltas  in  the  open  lake&  in  front  of  the  ice.  When  the  ice 
lobe  liad  receded  to  near  Utica,  the  waters  were  greatly  augmented 
by  the  inflow  of  the  floods  past  the  ice  front  which  cut  the 
many  channels  described  earlier  in  this  paper.  But  the  volume 
of  drift  was  correspondingly  increased  and  it  seems  likely  that  a 
lower  section  of  the  valley  may  have  been  entirely  filled  with 
detritus  to  the  level  of  the  Little  Falls  barrier. 

In  1892  Taylor  referred  to  the  broad  detrital  plains  at  the 
mouths  of  the  larger  creeks  as  deltas,  indicating  standing  water 
in  the  valley.  Brigham  described  the  deposits  briefly  in  1898 
[see  reference  p.  22].  The  writer's  judgment,  bas(^  on  consider- 
able study,  is  as  follows  regarding  a  few  localities.  The  irregu- 
lar gravel  plains  stretching  3  miles  oast  of  Ilerkimer  and 
some  distance  west  are  the  eroded  delta  of  West  Canada  creek, 
the  largest  tributary  of  the  Mohawk  in  the  section  under  dis- 
cussion. The  area  southeast  of  Ilion,  showing  the  crinkled  con- 
tours, is  not  a  kame  area  but  eroded  silts.  The  surface  has  free 
drainage  and  no  kettles  [sec  pi.  2G].  It  might  be  a  slack  water 
deposit  accumulated  in  an  embayment  behind  the  Herkimer 
delta;  but  its  altitude  is  high.  The  suggestion  is  offered  here 
that  possibly  some  deposits  like  this  may  represent  lacustrine 
beds  of  interglacial  epochs,  or  deposits  made  in  lakes  of  ice 
advance.^  Any  deposit  in  water  impounded  by  the  first  on- 
coming of  the  ice  sheet,  and  derived  from  the  land  wash,  should 
consist  of  fully  oxidized  material  of  atmospheric  decay,  and 
with  no  material  from  the  northward  (unless  some  rare  ice- 
rafted  inclusions).    To  diagnose  such  deposits  will  require  care- 


'  Geol.  Soc.  Am.  Bui.  1899.     7:430,  10:30. 
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ful  physical  and  chemical  examination,  but  they  will  sometime 

be  found. 

The  broad  gravel  plains  west  and  south  of  Frankfort  are  a 

delta  plain  derived  from  Moyer  creek  gulf  and  the  glacial 
stream  cuttings  on  Dutch  and  Frankfort  hills.  The  plains  seem 
more  level  than  shown  by  the  map  contours.  Plate  12  shows 
only  the  north  end  of  the  plain  northwest  of  Frankfort,  looking 
toward  the  east  end  qt  Dutch  hill. 

The  area  west  of  Utica  in  the  Sauquoit  valley  is  probably  in 
part  delta  material  of  Sauquoit  creek. 

Southeast  of  Oriskany,  extending  to  near  Whitesboro,  is  a 
broad  tract  of  gravel  which  in  relation  to  the  creek  should  be 
delta,  but  the  western  end,  near  the  creek,  has  a  high  relief 
with  knolls  rising  to  600  feet,  according  to  the  contouring.  The 
portion  lying  along  the  river  valley,  about  l^^  miles  long  and 
%  mile  wide,  is  leveled  at  540  feet.  The  present  suggestion  is 
that  it  is  partly  delta  and  partly  a  kame  area  leveled  by  lake 
or  river  action.  Southwest  of  Oriskany  village  is  another  gravel 
plain  at  540  feet,  according  to  the  map.     [See  Oriskany  sheet] 

Opposite  Oriskany,  on  the  north  side  of  the  valley,  is  another 
level  gravel  plain,  2  miles  in  length,  with  altitude' 520  feet  by 
the  map.  Other  areas  appear  along  the  north  side  of  the  valley, 
toward  Rome.  The  largest  one  is  a  delta  plain  along  the  west 
side  of  Ninemile  creek,  with  altitude  somewhat  over  520  feet. 
The  elevated  tracts  from  2  to  5  miles  east  of  Rome,  which  on  the 
map  appear  similar  to  the  gravel  plains,  are  morainal  tracts, 
chiefly  kame  gravels. 

As  named  earlier  in  this  paper,  the  standing  water  in  which 
these  plains  were  built  is  the  Utica  lake,  the  level  of  which  was 
determined  by  the  rock  barrier  at  Little  Falls;  or  possibly  for 
a  time  by  a  delta  barrier  built  in  the  valley  between  Frankfort 
and  Herkimer. 

It  is  assumed  that  these  plains  of  nearly  uniform  altitude  (at 
least  within  20  feet)  represent  constructional  lacustrine  levels.  It 
seems  quite  impossible  that  the  accordance  could  be  produced 
by  accident  to  or  deformation  of  originally  discordant  levels. 
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Drainage  history 

The  continental  glacier  did  not  uncover  this  upper  Mohawk 
valley  all  at  once,  but  the  ice  front  slowly  receded  up  the  valley. 
In  other  words,  the  valley  was  slowl^^  opened  from  Little  Falls 
successively  westward.  The  primitive  waters,  held  between  the 
barrier  at  Little  Falls  on  the  east  and  the  retreating  ice  lobe 
on  the  west,  lengthened  out  after  the  ice.  At  the  same  time 
the  open  part  of  the  valley  was  filling  with  stream  detritus  and 
the  outlet  was  being  lowered  by  the  down  cutting  of  the  rock 
barrier.  In  addition  to  the  broader  delta  plains  described  above, 
the  evidences  of  standing  water  in  the  valley  up  to  500  feet 
and  over  are  abundant  to  the  eye  of  the  trained  observer  in 
the  almost  continuous  terraces  and  benches  of  wave- washed 
accumulation  along  the  sides  of  the  valley  which  are  now  gullied 
by  the  modern  stream  drainage. 

The  earliest  lake  level  was  probably  about  600  feet,  the  alti- 
tude of  the  bare  crvstalline  rock  on  the  north  side  of  the 
Little  Falls  channel.  But  this  higher  level  would  hold  only  for 
the  lower  section  of  the  valley.  Up  the  valley,  toward  Utica 
and  Rome,  the  highest  level  of  standing  water  would  be  less 
than  600  feet,  by  whatever  amount  the  Little  Falls  outlet  had 
been  lowered  by  down  cutting  while  the  valley  was  opening 
by  ice  recession. 

In  the  narrow  Herkimer-Frankfort  section  of  the  valley  the 
open  waters  may  have  been  only  temporary,  as  the  detrital 
inwash  from  side  streams  and  the  ice  drainage  possibly  kept 
this  part  of  the  valley  filled  with  gravels,  specially  at  the  lower 
water  levels.  Above  Frankfort  the  valley  was  wider  and  prob- 
ably deeper  and  held  lake  waters  up  to  Iroquois  time.  In  the 
section  from  Utica  to  Oriskany  the  lake  plains  are  about  540 
feet  in  altitude.  Further  up  the  valley,  at  Ninemile  creek,  they 
are  somewhat  less,  being  given  only  the  520  contour  on  the  Oris- 
kany sheet.  And,  when  the  ice  sheet  had  withdrawn  from  the 
ground  south  of  Rome,  the  Utica  lake  had  still  lowei  level;  for 
the  latest  pre-lroquois  cuttings  at  Stanwix  are  460  feet  and  lower 
[see  21st  annual  rei)ort,  ]>!.  lOJ.  Soon  after  the  Stanwix  stream- 
cut  banks  were  made,  the  flood  of  the  Iroquois  overflow  took  pos- 
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session  of  the  pass  at  Rome,  and  the  vast  Iromohawk  river  pro- 
ceeded to  grade  the  valley. 

The  later  level  of  the  Iromohawk  planing  is  represented  by 
numerous  remnants  of  its  flood  plains.  So  far  as  observed,  these 
are  about  20  feet  over  the  present  Mohawk  flood  plain.  A  good 
fragment  of  the  Iromohawk  plain  may  be  seen  on  the  west  side 
of  Ninemile  creek,  2  miles  north  of  Oriskany  village;  also  along 
the  north  side  of  the  valley  bc^tween  Frankfort  and  Utica. 
Doubtless  these  remnants  of  the  Iromohawk  plain  may  be  identi- 
fied in  numerous  localities.  The  difference  in  altitude  between 
the  Iromohawk  and  the  Mohawk  plains,  only  about  20  feet, 
agrees  well  with  the  apparent  amount  of  down  cutting  by  the 
present  river  at  the  head  of  tbe  rapids  in  Little  Falls  [see  p.  r33]. 

Summary.  There  are  three  stages  which  we  can  clearly 
recognize  in  the  history  of  the  valley  drainage  since  the  valley 
was  buried  under  the  ice  sheet. 

1  The  Pre-Iroquois  or  Glaciomohawk  waters.  These  were 
held  in  the  valley  during  the  ice  retreat.  They  would  have  been 
lacustrine  except  for  the  detrital  filling,  but  were  probably 
fluviatile  in  the  section  below  Utica. 

2  The  Iromohawk  river.  This  great  river,  draining  Lake 
Iroquois  and  the  area  of  the  Great  lakes,  was  the  predecessor  of 
the  St  Lawrence  and  was  the  equal  of  that  river  in  size  and 
possibly  in  length  of  life.  For  some  thousands  of  years  it  swept 
the  valley,  trenching  the  rock  barrier  at  Little  Falls  and  grad- 
ing its  channel  to  that  falling  base  level.  The  grade  of  the 
river  has  been  discussed  [p.  r34]. 

3  The  Mohawk  river,  the  present  shrunken  successor  of  the 
Iroquois  flood. 

It  would  be  interesting  if  we  could  apportion  with  some 
certainty  the  work  of  the  three  stages.  It  seems  likely  that  the 
work  of  the  last  stage,  the  present  river,  has  been  comparatively 
small.  The  diminished  river  has  cut  only  about  20  feet  into 
the  channel  which  it  found,  and  is  meandering  in  a  discouraged 
and  listless  way  over  the  broad  plain  of  its  gigantic  ancestor.  It 
is  unable  to  lower  greatly  for  itself  the  rock  barrier.  But 
between  the  effects  of  the  first  two  stages  the  decision  is  not 
so  clear.    The  Glaciomohawk  waters  were  large  in  volume  and 
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long  in  life,  with  great  erosive  power.  Perhaps  they  not  only 
denuded  the  Archean  rocks  at  Little  Falls,  but  cut  these  down 
to  the  terraces  under  500  feet.  Then  the  Ironiohawk  used  the 
remaining  drift  in  the  valley  as  an  abrasive  to  rasp  down  the  rock 
barrier  to  near  its  present  condition;  cutting  away  the  valley 
deposits  of  the  earlier  stage  and  grading  itsi  channel  to  the 
falling  outlet. 

The  above  writing  assumes  a  fair  ])eruianence  of  relative  levels 
throughout  the  whole  area  under  discussion,  or  that  the  whole 
upper  Mohawk  valley  has  been  equally  lifted  by  the  Postglacial 
continental  uplift  with  no  evident  dcformadon. 

THEORETIC    LEVELS    IN    THE    ORISKANY    AND    SAUQUOIT    VAI.L.EYS 

In  this  chapter  it  is  proposed  to  indicate  in  a  broad  way  the 
stream  and  lake  phenomena  which  should,  according  to  our 
theory,  be  found  in  the  connected  valleys.  This  will  enable 
the  student  of  the  subject  to  follow  out  the  matter  with  more 
detail  and  system,  and  to  verify  the  th(*oretic  history. 

1  Mohawk  gradation  plains.  Tlu^  writer  supposes  that  both 
the  Oriskany  and  Sauquoit  creeks  are  now  graded  to  the  Mo- 
hawk river  as  their  base  level.  The  Sauquoit,  being  the  smaller 
stream,  should  have  the  steeper  gradient.  Artificial  damming 
of  the  streams  has  interfered  with  the  uniform  current  and 
grade,  but  the  natural  flood  plains  can  generally  be  determined. 

2  Old  plains  correlating  with  Iromohawk  as  base  level.  By 
taking  the  present  flood  plain  of  either  stream  as  a  datum 
plane,  the  ancient  flood  plain  which  the  stream  formerly  built 
when  it  was  adjusted  to  the  Iromohawk  river  as  its  base  level, 
may  be  found  some  20  feet  higher.  Su(*h  plains  of  the  older  stage 
in  the  stream  history  may  be  recognized  in  the  level  stretches  of 
alluvium,  decidedly  above  the  i)ossible  reach  of  the  present  stream. 

It  must  be  recognized  that  the  actual  hight  of  these  parallel 
planes  will  rise  as  we  proceed  up  the  stream  valley. 

3  Delta  plains  of  the  Utica  lake.  Through  the  area  of  lower 
ground,  north  and  northeast  of  Clinton  and  north  of  New  Hart- 
ford, will  be  found  level  stretches  of  gravel  or  sand  at  altitudes 
of  520  to  perhaps  550  feet.  Tlic^se  represent  the  stream  accumu- 
lations in  the  waters  of  the  "  Utica  lake."    They  will  have  some 
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variation  in  level,  because  the  Utica  lake  was  not  a  permanent 
level,  bnt  had  a  falling  surface,  and  because  stream  deltas  aie 
themselves  of  variable  altitude. 

4  Delta  plains  of  the  Clinton  waters.    These  levels  will  range 
from  about  600  feet  up  to  perhaps  1100  feet.    The  moat  con- 
spicuous will  be  at  about  600  up  to  800  feet,  and  correlate  with 
the  lowest  of  the  glacial  stream  channels  that  drained  the  Clin- 
ton  waters  eastward.     On  plate  2  these  channels  are   shown. 
The  lowest  cutting  forms  the  concave  slope  heading  near  Neir 
Hartford  and  passing  around  the  north  base  of  Devereux  hilV 
through  the  south  edge  of  the  city  of  Utica,  with  altitude  d: 
about  600  feet.     The  next  higher  level  is  about  700  feet,  thei 
channel  being  an  earlier  cutting  on  the  same  slope  as  the  one; 
just  mentioned.    The  strongest  level  will  be  at  750  to  800  feet,-f 
produced  by  waters  held  for  a  long  time  at  about  740  feet  altir 
tude,  while  the  escape  was  through  the  strong  channel  sontli 
of  Devereux  hill  and  the  Forest  Hill  cemetery,  called  here  the 
"Reservoirs  channel."    For  the  Clinton  valley  the  level  at  thil 
stage  was  determined  by  the  outlet  having  nearly  the  same 
altitude  and  heading  about  2  miles  northeast  of  the  town.   Thk 
level  in  particular  will  be  found  in  many  places,  but  running 
to  higher  than  800  feet  in  the  smaller  stream  valleys.     Thtf] 
level  constitutes  a  conspicuous  plain  and  terrace  in  the  Sauquoit 
valley  above  and  below  Chadwicks. 

5  Delta  plains  of  the  summit  levels.    The  highest  water  levd^j 
to  be  found  in  the  upper  or  southern  section  of  the  Orisl 
valley  must  be  at  about  1150  feet,  correlating  with  the  southei 
outlet  near  Bouckville.    In  the  Sauquoit  valley  the  correspon< 
ing  level  will  occur,  but  a  higher,  summit  level  there  will  be  aboi 
1270  feet,  correlating  with  overflow  at  Richfield  Junction. 

There  are  reasons  why  the  phenomena  of  the  water   plant 
are  weaker  at  the  higher  levels.     The  lakes  were  less  stabh 
new  outlets  opening  on  the  steep  slopes;  the  valley  walls  ai 
steeper,  giving  less  foothold  for  the  delta  accumulations;  an^ 
the  amount  of  available  detritus  in  the  grasp  of  the   latei 
streams  was  less. 

In  all  these  several  stages  of  lacustrine  levels  considerabl 
variation  in  the  hight  of  the  deposits  must  be  expected;  dl 
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variation  in  Milnnic  <»i'  velocity  of  tlie  conlributiug  stream:  to 
TereDras  in  the  amount  and  coarseiieas  of  the  detritus;  and 
varying  distance  from  the  lake  (or  baseievel)  of  the  point 
lere  the  detrital  burden  was  dropped.  Hut,  after  all  the  fac- 
•s  produring  variationB  are  conBidoredj  the  student  will  yet  be 
rprised  to  llnd  how  readily  and  with  what  assurance  man; 
enoniena  can  l)e  quite  positivelj  correlated. 
Beach  or  wave-produced  features  should  not  be  expected  in 
?Be  waters,  as  the  latter  were  too  narrow  and  insufBciently 
ble. 


ECONOMIC  GEOLOGY  OF  WESTERN  NEW  YORK 

BY    IRVING    P.    BISHOP 

Building  materials 

The  territory  in  which  information  on  the  above  topic  has  been 

collected    includes    the    counties    of    Chautauqua,    Cattaraugus, 

Allegany,  Erie,  Wyoming,  Genesee,  Niagara  and  Orleans.     In 

Erie  county  the  mineral  producers  were  known  to  the  writer: 

in  the  others  they  were  reached  by  correspondence.     Though 

some  small  quarries  or  deposits  may  have  been  overlooked, 

the  lists  which  follow  will  be  found  to  include  everything  of 

importance. 

Trade  conditions 

The  establishment  in  Buffalo  during  the  past  year  of  many 
great  business  enterprises,  including  a  $40,000,000  steel  plant, 
has  caused  increased  activity  in  the  production  of  all  lines  of 
building  material,  specially  stone,  sand,  brick  and  cement.  Thf» 
construction  of  breakwaters,  grade  crossings  and  other  public 
improvements  has  also  called  for  large  quantities  of  thes(^ 
materials.  The  result  has  been  that  the  producers  who  have 
facilities  for  handling  large  contracts  have  had  all  the  busi- 
ness they  could  take  care  of,  while  some  of  the  smaller 
quarries  and  factories  have  been  idle.  Therefore,  though  the 
number  of  producing  quarries  has  decreased,  the  total  output 
of  stone  will  probably  be  above  that  of  last  year.  That  the 
increased  demand  for  building  materials  is  due  to  better  condi 
tions  in  Buffalo  is  shown  by  the  brick  industry.  In  Buffalo, 
though  the  local  plants  are  working  to  their  full  capacity,  the 
old  stock  of  brick  and  all  of  the  product  of  1902  have  been 
exhausted.  At  Dunkirk  and  Glean  the  market  is  reported  as 
dull.  Small  quarries  and  brickyards  in  districts  remote  from 
the  city  report  also  a  limited  demand,  usually  too  light  to 
warrant  the  starting  up  of  the  kiln  or  quarry.  Cement,  which 
is  marketed  outside,  quite  as  much  as  at  home,  seems  to  be 
affected  less  by  local  conditionsi.  The  demand  for  it  is  gener- 
ally good. 
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Stone 

For  convenience  this  material  will  be  considered  under  the 
headings  MeiJina  sandstone,  arj^illaeeous  sandstone,  and  lime- 
stone, divisioHB  into  wliich  nearly  all  the  stone  quarried  in  the 
district  under  observation  naturally  falls. 

Medina  sandstone.  Within  the  past  year  several  quarry  own- 
t-'**  in  Orleans  county  have  formed  an  organination  under  the 
^arne  of  the  Medina  Quari^  Co.  with  offices  at  Albion  N.  Y.  and 
^0  -Broadway,  New  York  city.  The  officers  are:  President, 
**'i-<i  S.  Coler,  New  York:  vit-e  president,  -T.  A.  Roberts,  BuflEalo 
^-  ^.;  treasurer,  W.  E.  Scarritt,  New  York;  secretary,  J.  C. 
Rogerson,  New  York;  general  manager,  L.  A,  DeGrafF,  Albion 
■^-  Y, ;  superintendent  of  quarries,  William  O'Brien,  HoHey, 
^-  Y.;  assistant  treasurer,  Michael  Slack,  Medina,  N.  Y,;  super- 
intendent street  paving,  E,  E.  Faneher,  Albion,  N.  Y. 

Mr  John  J.  Ryan,  Medina  N,  Y.,  attorney  for  the  company, 
bas  famished  the  following  list  of  quarries  controlled  by  the 
organization : 
Medina.    Hallo  way    estate,    Horan    estate,    Adelbert    McCor- 

^ack, Reynolds  (leased). 

Eagle  Harbor.  DeGraff  &  Roberts.  The  company  also  buys 
Itltput  of  the  Skinner  quarry  for  1902  3. 

Albion.  Goodrich  estate,  DeGraff  &  Roberts,  Joseph  Brady, 
'  East  of  Albion  toward  Uolley.  Faneher  &  Cornwall,  Fan- 
fcer  &  Newsome,  Faneher  &  Vincent,  Baldwin  &  Hinds,  Hebner 
fe  Bon,  Obadwick  Bros. 

^Horth  of  Holley.     Jerome  McCarthy,  Keyea  estate. 
I'jSouth  and  east  of   Eolley.     William  O'Brien  ei  al.,  Michael 

Hutberton.    Marcus  H.  Phillips. 

Since  its  organization  the  company  has  expended  {50,000  in 
■iiew  and  improved  machinery,  including  a  channeling  machine, 
four  traveling  steam  derricks  and  three  or  four  extra  large  der- 
ricks of  the  usual  form.  The  sawing  plant  at  the  DeGraff  & 
Roberts  quarry  at  Eagle  Harbor  has  also  been  doubled.  The 
Phillips  and  Halloway  quarries  have  also  crushers  for  reducing 
•WBMte  to  road  metal. 
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In  October  1902^  the  company  was  operating  six  quarries,  one 
each  at  Medina,  Eagle  Harbor,  Albion,  Transit  road  and  Erie 
canal,  Hulberton  and  Holley. 

It  produces  rough  and  dressed  building  stone  of  all  kinds  and 
rough  and  dressed  street-paving  material.  As  the  company  has 
been  organized  only  a  short  time,  the  general  manager  was  unable 
to  state,  even  approximately,  the  production  for  the  year  1902. 

The  following  table  gives  the  names  of  Medina  sandstone 
producers  not  in  the  above  organization,  together  with  the  in- 
formation furnished  by  them  in  reply  to  letters  which  were  sent 
out.    The  list  of  names  was  obtained  at  Medina. 
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Cnuhed  stone 

The  mark€it  for  crushed  stone  has  been  active  all  through 
stem  New  York.  The  new  steel  plant  at  South  Buffalo  has 
Nl  large- quantities  for  concrete  construction;  the  breakwater 
I  also  consumed  an  enormous  amount;  and  it  is  in  great  de- 
ad also  for  asphalt  work  and  railroad  ballast. 
Chls  season  Erie  county  has  begun  the  use  of  convict  labor 
'  the  purpose  of  making  better  roads.  The  plan  originated 
bh  Supervisor  William  H.  Conboy,  of  Grand  Island,  who 
ged  that  the  employment  of  convicts  in  quarrying  and  crush- 
;  stone  would  lessen  the  cost  of  maintaining  the  penitentiary 
d  WQiol^  give  the  mem  needed  physical  exercise,  thus  con- 
dng  to  their  better  health  and  morals.  Short  term  prisoners 
r  the  stone  at  the  almshouse  quarry  on  Main  street  and  wheel 
to  the  crusher,  which  is  a  double  one  oi)erated  by  a  50  horse 
i^er  engine.  From  25  to  50  prisoners  have  been  employed 
this  work  continuously  for  four  months,  with  an  average 
ly  output  of  about  300  cubic  yards.  The  cost  of  quarrying 
I  crashing  is  about  20c  a  yard,  and  the  stone  is  sold  for  60c  a 
•d.  The  county  has  taken  the  contract  for  the  construction 
good  roads  within  its  limits  from  the  State  and  sublets  the 
.tract  under  the  condition  that  the  stone  shall  be  purchased 
the  county  at  60c  a  yard. 

^he  stone  crushed  this  season  has  been  used  in  surfacing  the 
d  between  the  city  line  and  Williamsville  and  also  two  sec- 
ui  of  the  Transit  road  in  Amherst  and  Clarence.  It  requires 
ut  2700  cubic  yards  of  stone  for  a  mile  of  road,  the  average 
t  a  mile  being,  in  1902,  f  9688.75,  of  which  the  county  pays  half. 
I  county  has  nearly  22  miles  of  road  under  contract  this  year. 
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Flux 

Only  one  firm,  the  Clarence  Stone  &  Lime  Co.,  makes  a  specialty 
of  flux  for  furnace  use.  The  bed  of  limestone  worked  by  the  com- 
pany occurs  nearly  in  the  middle  of  the  outcrop  of  Onondaga 
limestone,  2  miles  west  of  Clarence,  and  is  of  remarkable  purity. 
The  greater  part  of  the  product  is  sold  to  the  Tonawanda  Iron  & 
Steel  Co.  The  new  iron  and  steel  plants  now  in  process  of  erection 
will  create  a  market  for  large  amounts  of  flux.  The  immediate 
supply  for  this  expected  demand  will  be  furnished  by  Carroll 
Bros.,  Buffalo,  from  their  Point  Abino  quarries  in  Canada. 

Clay  products 

The  conditions  producing  increased  demand  for  stone,  sand 
and  other  building  material  have  extended  to  clay  products  as 
wiell.  Almost  every  manufacturer  reports  a  good  market  for  his 
wares  and  in  many  cases,  orders  beyond  his  ability  to  fill.  The 
exceptions  are  to  be  found  in  the  ease  of  small  kilns  intended  for 
local  use  in  the  smaller  towns,  and  in  the  cities  of  Olean  and  Dun- 
kirk, where  the  market  is  reported  dull.  The  explanation  ap- 
pears to  be  that  in  Buffalo  and  Roehester  increased  building  has 
caused  an  unusual  scarcity  of  material;  and  this  has  brought 
about  a  brisk  demand  for  home  products,  with  which  the  remote 
manufacturer  can  not  compete  on  account  of  the  additional  cost 
of  transportation. 

The  largest  brickmaking  interests  in  western  New  York  are 
located  in  East  Buffalo  and  in  the  townships  of  West  Seneca, 
Oheektowaga,  Lancaster  and  Alden  in  Erie  county.  The  fol- 
lowing constitute  the  Buffalo  Brick  Manufacturers  Association, 
office,  cor.  Pearl  &  Court  streets,  lUiffalo:  Henry  Bender,  Eben- 
ezer;  Ben*ick's  Sons,  Brush  Bros,  Diet.sdiler's  Sons;  William  J. 
Graaf,  Pine  Hill;  Haake  &  Son ;  Lancaster  Brick  Co.  Town  Line; 
C.  H.  McC'utcheon,  Lancaster;  George  W.  Schmidt;  E.  A. 
Schuesler. 

In  1901  the  association  sold  and  delivered  50  millions  of  brick. 
Aug.  1,  1902,  it  had  delivered  32,500,000  and  had  orders  for 
30,000,000  more,  all  that  the  managers  believed  the  association 
could  make  during  the  season  with  the  means  at  hand.  It  had 
also  refused  orders  for  several  millions  more. 
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Lime 

Nearly  all  the  lime  now  used  in  Buffalo  comes  from  kilns  in 
the  vicinity  of  Point  Abino  ami  Eidgeway  in  Canada.  The  kilns 
of  E.  &  H.  Fogelsonger  and  J.  S.  Youugs  at  Williamsville  are 
idle.  The  Straub  &  Meyer  plant  at  Gunnville  has  been  aban- 
doned. The  Tonawanda  Lime  Co.,  wiiich  formerly  made  lime 
from   stone   brought   from  Kelly's   island.   Lake   Erie,   is   alBo 

closed.     Tlie  small  kilns  of  A.  Fiegel,  Harris  Hill  and  of 

8haw  near  Mill  Grove,  Erie  co.,  have  not  reported.     In  July 
they  were  said  to  be  in  operation. 

C.  N.  Staiuthorpe  &  Co.  of  Loek[K>rt  make  about  30,000 
bushels  of  lime  a  year  from  their  quarry  of  Niagai'a  limestone 
in  the  northern  part  of  that  city.  The  following  are  said  to  be 
making  lime,  but  have  not  answered  my  letters  of  inquiry: 
Barney  Messing,  Niagai-a  Falls;  C.  H.  Holmes,  Leroj;  John 
Jleimlech,  Leroy. 

Cement 

There  has  been  a  good  demand  for*  cement  through  the  year. 
and  the  manufacturers  have  been  able  to  dispose  of  their 
product  at  good  prices  as  faat  as  it  could  be  made.  The  table 
below  shows  the  production  in  the  several  factories. 
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Ballast 
The  materials  used  by  the  railroads  for  ballast,  filling  etc. 
are  not  easily  classified  because  separate  accounts  are  not 
usually  kept  with  each  kind.  The  table  below  gives  the  amount 
of  each  where  distinction  was  made.  Otherwise  all  sorts  are 
grouped  together. 

It  was  my  original  intention  to  ascertain  the  amount  of  geo- 
logic material  mined  by  the  railroads  in  western  New  York. 
Later  it  was  found  necessary  to  extend  the  limits  so  as  to  include 
the  divisions  terminating  as  far  east  on  the  New  York  Central 
system  as  Syracuse,  and  as  far  as  Binghamton  on  the  Lacka- 
wanna and  Erie  roads.  The  material  excavated  from  their  tunnel 
and  wheel  pit  extension  by  the  Niagara  Falls  Power  Co.  I  have 
also  included  in  the  same  table. 

Geological  materials  excavated  by  railroads  Sep.  1,  1901-Aug.  31,  1902 


RAILROAD 


Buffalo  Creek. 


Location  of 
deposit 


Lake  Erie 
shore,  Bu*f- 
falo 


Delaware,        Lacka-Nichols. . . . 

wanna  &  Western 

Erie I 

Lehigh,  western  div- 

ision 
Lehigh    Valley,    Au-!Brookton.. 

bum  division 
Lehigh    Valley,   Au- !  Perry ville.. 

bum  division         j 
Lehigh   Valley,    Au-  Groton. . . . 

bum  division          I 
Lake  Shore  &  Michi-i 

gan  Southern         \ 
Lackawanna       Steel  ■  Bay  View. . 

Co. 


New  York  Central. . .  Walworth, 

New  York 
Central; 
Newark, 
W.  Shore 
New   York,    Chicago 
and      St       Louis 
(Nickel  Plate)        | 

Pennsylvania  R.   R.Ischua 

B.  &  A.  V.  division' 
Buffalo,      Rochester!  Scottsville. 
and  Pittsburg 


Niagara  Falls  Power 
Co, 


N  iagara 
Falls 


Amount 


6000  c.  yd  sand. 


153,450  c.  yd. 


47,500  c.  yd  gravel... 
60,000  c.  yd  gravel. 

2000  c.  yd  of    lime- 
stone for  riprap 

20,000  c.  yd  gravel 
and  clay 


639,450  c.  yd. 


250,000  c.;^d  gravel 


96,500  c.  yd  gravel 
59,883  yd 


81,426  c.  yd  rock. 


\ 


Remarks 


Erie  and  Lehigh  Valley, 
lessees.  Use  mostly 
cinders  from  eleva- 
tors for  filling  etc. 

151,100  yd  gravel;  2350 
yd  earth 

No  report 

Also  buys  crushed  stone 
for  ballast 


Get  gravel  from  pits  in 
Ohio 

Shale  and  clay  for  build- 
ing railroad  and  filling 
yard.     To  Sep.  1,  1902 


Obtain  supply  of  ^avel 
from  Pennsylvama 


39  698  yd  gravel 

5  965  yd  sand 

14  220  yd  earth 


59  883 

Excavated  from  wheel  pit 
and  tunnel.    Used  for 
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SALT 

While  nearly  all  other  mineral  industries  have  been  in  a 
flourishing  condition,  that  of  salt-making  has  suffered  a  marked 
depression.  The  present  state  of  affairs  is  not  due  to  any  sud- 
den change  in  supply  or  demand,  but  is  rather  the  culmination 
of  disasters  the  causes  of  which  have  existed  for  many  years. 

Salt  was  first  discovered  in  the  Oatka  valley  in  1878.  In 
1883  it  had  been  demonstrated  that  the  rock  salt  bed  extended 
beneath  the  whole  of  the  Oatka  and  the  greater  part  of  the 
Genesee  valleys,  and  in  a  few  years  both  were  dotted  with 
salt  factories  and  mines.  Active  competition  soon  lowered  the 
price  of  the  product  to  a  point  which  gave  very  little  margin 
to  the  manufacturer.  Investigation  showed  that  the  total 
capacity  of  the  factories  and  mines  was  more  tlian  double  the 
amount  required  by  the  market  which  tbey  would  legitimately 
supply.  To  remedy  this,  the  National  Salt  Co.  obtained  con- 
trol of  nearly  all  the  evaporating  plants,  and  by  closing  un- 
necessary factories  reduced  both  the  cost  of  making  and  the 
amount  of  the  product.  About  the  same  time,  and  for  similar 
reasons,  the  Retsof  Mining  Co.  acquired  title  to  the  four  salt 
mines  at  Retsof,  Greigsville,  Leroy  and  Livonia,  and  working 
only  one  or  two  at  a  time  controlled  the  price  and  the  output 
of  rock  salt. 

For  a  time  the  price  of  salt  improved,  and  salt-making  again 
became  profitable.  But  with  better  prices  came  renewed  com- 
petition from  new  factories,  till  the  past  year  has  witnessed  a 
repetition  of  overproduction  and  consequent  stagnation  of  trade. 
In  the  summer  of  1902,  the  National  Salt  Co.  passed  into  the 
hands  of  a  receiver.  It  is  now  expected  that  early  in  1903  the 
stock  of  the  National  Salt  Co.  and  that  of  the  Retsof  Mining  Co. 
will  be  merged  into  that  of  the  International  Salt  Co.,  which 
will  take  the  place  of  the  first  two  organizations. 

In  February  1903  only  one  factory,  the  Yorkshire,  was  being 
worked  by  the  National  Salt  Co.  in  the  whole  Warsaw-Genesee 
field,  though  the  Warsaw  and  Hawley  works  were  expected  to 
resume  in  the  spring.  Of  the  four  mines,  only  the  Retsof  was 
in  operation. 
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In  the  same  district  two  firms,  the  Worcester  Salt  Co.  of 
Silver  Springs,  and  the  Genesee  Salt  Co.  of  Piffard,  which  also 
owned  the  Livingstone  plant,  were  not  absorbed  by  the  National 
Co.  and  were  actively  engaged  in  salt-making  up  to  the  end  of 
1902.  In  the  early  part  of  1903  the  Genesee  Salt  Co.  passed 
into  the  hands  of  a  receiver.  The  Iroquois  Salt  Co.  of  Perry 
N.  Y.  has  purchased  of  the  National  Salt  Co.  the  plant  at  that 
place.  A  large  part  of  the  salt  made  here  has  been  marketed 
by  the  National  Co.  Feb.  14,  1903,  the  bins  were  full  of  the 
product,  and  the  works  were  temporarily  shut  down  till  the 
congestion  could  be  relieved. 

In  1901  the  National  Salt  Co.  sold  its  Leroy  plant  to  the 

Empire  State  Salt  Co.  of  that  place.    The  stock  of  the  latter 

company  is  principally  held  by  the  butchers  and  meat-packers 

of  Buffalo,  who  consume  the  greater  part  of  the  salt  which  the 

factory  produces. 

A  new  salt  mine 

Early  in  1903  the  Oatka  Mining  Co.,  an  organization  includ- 
ing several  members  of  the  Worcester  Salt  Co.,  announced  its 
intention  to  sink  a  shaft  for  salt  in  the  Oatka  valley.  The 
exact  location  of  the  works  has  not  yet  been  made  public;  but, 
since  several  cores  have  been  taken  with  a  hollow  drill  near 
Wyoming,  it  is  probable  that  the  site  will  be  in  that  vicinity. 
The  plant  will  have  a  capacity  of  1500  tons  a  day  and  will  be 
in  charge  of  Mr  John  H.  Duncan,  assistant  superintendent  of 
the  Worcester  Co.    The  principal  oflQce  will  be  in  New  York. 

Processes 

In  the  methods  of  evaporating  brine  the  grainer  and  pan  pro 
cesses  still  hold  the  lead.  The  vacuum  process  appears  to  be 
gaining  ground,  as  is  shown  by  the  fact  that  it  is  now  used  by 
four  factories — the  Worcester  of  Silver  Springs,  the  Glen  Salt 
Co.  of  Watkins,  the  Yorkshire  of  Warsaw  and  the  Cayuga  of 
Ludlowville.  Neither  open  nor  steam-jacketed  kettles  are  now 
employed  in  the  western  New  York  field. 


^^H         REPORT   OF   THE   DIEECTOK    AND    STATE   OftOLOGIST    1!)02           r61                 J 

Independent  salt  manufacturers,  western  New  York  field            '^^M 

Nama  . 

Empire  State  Salt  Co. 

^^M 

Genesee  Salt  Co. 

^H 

Iroquoia  Salt  Co. 

Perry                                               ^| 

Bemington  Salt  Co. 

Ithaca                                              1 

■ 

Watkina  Salt  Co. 

Watkins 

■ 

Worcester  Salt  Co. 

Silver  Springs                                . 

■ 

{                             Plants  operated  by  tlie  National  Salt  Co. 

'                                       Nams 

I 

Oayuga  Salt  Co. 

Ludlowville 

■ 

Glen  Salt  Co. 

Watkins 

■ 

Hawlej  Salt  Co. 

Warsaw                _                      • 

■ 

Ithaca  Salt  Co. 

Ithaca 

■ 

"Warsaw  Salt  Co. 

Warsaw                                          . 

■ 

Torkahire  Salt  Co. 

Warsaw 

1                     Flants  abandoned  or  not 

in  nse  for  seveial  years 

Nama 

Globe  Salt  Co. 

Locution 

AVyoraing 

Crystal  Salt  Co. 

Saltvale 

Pavilion  Salt  Co. 

Pavilion 

Pearl  Salt  Go. 

Pearl  Creek 

Miller  Salt  Co. 

Warsaw 

Atlantic  Salt  Co. 

Warsaw 

Gouinlock  &  Humphrey  Salt  Co. 

Wai-saw                                 , 

Empire  Salt  Co. 

Warsaw 

Bradley  Salt  Co. 

Warsaw 

Castile  Salt  Co. 

CaatUe 

GainesTlUe  Salt  Co. 

Gainesville 

Blias  Salt  Co. 

Bliss 

Tork  Salt  Co. 

York                                                   - 

Phoenix  Salt  Co. 

OuylerviUe 

Lackawanna  Salt  Oo. 

Mount  Morris 

Eoyal  Salt  Co. 

Mount  Morris 

^^ 

^Mtfifl 
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Frodnction  of  salt 

The  total  production  'of  all  the  factories  belonging  to  the 
National  Co.  and  independent  salt  companies  in  the  western* 
New  York  field  is  stated  by  Mr  N;  S.  Beardsley,  receiver  of  the 
National  Salt  Co.,  at  2,000,000  barrels  for  the  year  ending  Sep. 
30,  1902.  Of  this  amount  40j^  was  table,  the  rest  common  salt — 
On  the  same  authority  the  production  of  rock  salt  was  250,00 
tons,  the  equivalent  of  1,800,000  barrels.  The  portion  of  thi 
produced  by  persons  outside  the  National  Salt  Co.  is  shown  b^ 
the  following  table. 

Company  Location  Product 

Gtenesee  Salt  Co.  PifPard  1378.9  tons^ 

Empire  State  Salt  Co.  Leroy  34,258        ". 

Remington  Salt  Co.  Ithaca^ 

Watkins  Salt  Co.  Watkins  38,848        " 

Worcester  Salt  Co.  Siher  Springs  64,635        "^ 

Iroquois  Salt  Co.  Perry  13,478        " 

Caustic  soda  and  bleaching  powder 

In  1901  the  National  Salt  Co.  sold  its  salt  works  at  Rock 
Glen  to  the  American  Electrolytic  Co.,  of  which  W.  C.  Gouin- 
lock,  Warsaw  N.  Y.,  is  president.  In  the  spring  of  1902  the 
company  began  the  manufacture  of  caustic  soda  and  bleaching 
powder  by  the  Moore  electrolytic  process.  Both  products  were 
successfully  made  and  marketed  at  current  prices.  Hardly  was 
the  enterprise  under  way  when  the  great  strike  in  the  coal 
regions  occurred,  rendering  it  difficult  to  obtain  fuel,  and,  at 
the  same  time,  the  price  of  bleaching  powder  fell  50ji.  The  two 
causes  rendered  manufacture  unprofitable,  and  work  was  sus- 
pended awaiting  more  favorable  conditionfi. 

At  Niagara  Falls  there  are  two  companies  making  caustic 
soda  and  bleaching  powder  by  electrolytic  methods.  The  Cast- 
ner  Electrolytic  Alkali  Co.,  office,  33  Wall  street,  New  York 
city,  uses  the  wet  method.  The  raw  material  is  rock  salt  ob- 
tained from  the  Retsof  Mining  Co.  of  Piffard  N.  Y.     Lime  is 

*  Given  as  491,640  bushels  to  Dec.  31,  1902. 
'  Not  in  operation  before  Sep.  30,  1902. 
^ Given  as  2,326,859  bushels. 
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ppocnred  from  variouB  places  mostly  outside  of  New  York  State. 
The  Acker  Process  Co.,  office,  Niagara  Falls  N.  Y.,  makes  the 
Bame  products  by  the  dry  process.  The  raw  niaterial  ia  all  obtained 
outside  the  State,  the  salt  coming  from  Ohio,  and  the  limestone 
from  Pennsylvania,  Canada  and  elsewhere.  The  details  of 
manufacture  are  not  given  to  the  public  by  either  concern. 

For  the  year  ending  Sep.  30,  1903,  the  Acker  Process  Co.  made 
14  tons  of  caustic  soda  and  28  tons  of  bleaching  powder  a  day, 
counting  350  days  to  the  year,  a  total  of  4900  tons  of  caustic 
and  9800  tons  of  bleaching  powder. 


The  United  states  Gypsum  Co.  of  Chicago  111.  has  two  mills  1 
mile  from  Oakfield,  Genesee  co.,  where  stucco  and  other  gyp- 
sum products  are  made  from  rock  mined  in  that  vicinity.  The 
combined  output  amounts  to  500  tons  a  day. 

The  plaster  mill  of  S.  Gilmore  at  Indian  Falls  in  the  same 
county  was  not  in  operation  in  1902. 

SATIJHAL   6AS 

The  inquiry  regarding  natural  gas  has  extended  over  that 
part  of  New  York  which  lies  west  of  the  Auburn  meridian, 
essentially  the  territory  covered  by  mj  report  of  1899.  In  the 
counties  bordering  on  Lake  Ontario,  very  little  exploration  for 
gas  has  been  made,  and  that  little  has  been  unsuccessful.  One 
deep  well  was  put  down  at  Eagle  Harbor,  Orleans  co.  The 
drill  touched  Trenton  rock  at  1814  feet  and  stopped  in  the  top 
of  the  Potsdam  at  2300  feet.    The  well  was  baiTen, 

At  Warners,  east  of  the  meridian  mentioned,  no  drilling  has 
been  done  since  1899,  and  no  improvement  in  gas  production  is 
reported.  Letters  addressed  to  the  local  gas  company  at  Jor- 
dan have  not  been  answered.  At  Seneca  Falls  the  gas  supply 
has  failed,  and  the  wells  have  been  abandoned. 

In  the  Ontario  field  deeper  drilling  has  increased  the  pro- 
duction. Mr  A.  Miner  Wellman,  of  Friendship  N,  Y.,  has 
drilled  six  new  wells  in  the  western  part  of  the  field,  all  pene- 
trating the  Medina.  Of  these  only  three  were  sufficiently  pro- 
dnctiye  to  pay.    The  beat  well  showed  a  rock  pressure  of  590 
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pounds  per  square  inch,  and  an  output  of  1,000,000  cubic  feet 
of  gas  a  day.  The  only  extension  of  this  field  has  been  a  small 
addition  in  the  extreme  northwestern  part  of  Yates  county.  Mr 
D.  M.  Page  of  Hornellsville  has  two  productive  wells  at  Rush- 
ville,  the  gas  from  which  is  piped  to  that  village  and  supplies  140 
stoves  or  their  equivalent.  Mr  Page  has  also  two  unproductive 
wells  at  Rushville  and  a  third  at  Gorham. 

In  Livingston  county  very  little  new  territory  has  been  ex- 
ploited. In  1900  the  Westcott  Natural  Gas  Co.  bored  a  well  at 
Avon.  Gas  to  the  amount  of  200,000  cubic  feet  a  day  was 
found  in  the  White  Medina  (quartzose  sandstone)  at  1400  feet. 
To  the  Caledonia  group  of  wells  only  one  has  been  added  since 

1899.  This  was  located  about  3  miles  south  of  I^eroy.  It  was 
1500  feet  deep  and  passed  through  the  Medina  sandstone.  In 
the  salt  group  were  found  salt  water  and  about  20  feet  of  rack 
salt.  Mr  J.  C.  Tennant,  of  Caledonia,  was,  in  October  1902, 
sinking  another  well  for  the  purpose  of  increasing  his  supply. 
He  reports  that  the  gas  pressure  in  the  Caledonia  wells  has  not 
appreciably  changed  since  1899.  The  shallow  Marcellus  shale 
gas  pool  south  of  Caledonia  has  not  been  enlarged  since  the 
same  year.  In  October  1902  a  well  was  completed  on  the  Whit- 
more  farm  at  the  Highbanks,  2^^  miles  from  Mount  Morris. 
The  boring  penetrated  the  Medina  sandstone  but  contained 
neither  oil  nor  gas. 

At  Corfu  in  Genesee  county  no  new  wells  have  been  drilled  since 

1900.  Mr  H.  W.  Francis,  superintendent  of  the  local  gas  com- 
pany, reports  that  there  is  no  falling  off  in  production,  but  that 
the  six  original, wells  show  a  slight  increase  of  gas  pressure 
over  that  of  a  year  ago. 

In  Wyoming  county  few  changes  are  noted.  The  Attica 
Natural  Gas  Co.  has  not  added  to  its  number  of  wells.  The 
Attica  Water,  Gas  and  Electric  Co.  has  drilled  two  new  holes, 
one  in  1901  and  the  second  in  1902.  Both  were  small  producers. 
The  gas  pressure  in  this  field  is  decreasing,  and,  unless  new 
productive  wells  are  found,  the  supply  will  &oon  fall  below  the 
demand. 
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The  Iroquois  Salt  Co.  of  Terry  has  bored  a  well  near  the 
outlet  of  Silver  lake.  No  gas  was  found,  but  a  show  of  oil  was 
reported.^  A  boring  f«r  water  on  the  farra  of  Paul  Armstrong 
near  Perry  is  said  to  have  shown  a  small  vein  of  gas.  Thin  seams 
of  gas-produciug  rock  are  not  uncommon  in  shallow  wells  about 
2  miles  east  of  Perry. 

At  Johnsonbm^  in  the  same  connty  a  well  was  completed  in 
October  1902  by  J.  W.  Steams,  of  Akron  N.  Y.  In  this  the 
drill  found, 

Corniferons   (Onondaga)   limestone  at  1230  feet 

Passed  through  Corniferons  (Onondaga)  lime 

stone  at  1430  feet 

Top  of  salt  at  1853  feet 

Bottom  of  salt  at  1893  feet 

Bottom  of  well  at  1808  feet 

No  gaa  in  the  well. 
Since  1^99  a  large  area  of  gas  territory  has  been  de\'eloped  in 
Erie  county.  The  Alden  field  has  bee.u  extended  westward  nearly 
to  Lancaster  and  is  increasingly  productive  in  that  direction. 
The  Alden  and  Uatavia  Katnral  Gaa  Co,.^  which  now  controls  the 
greater  paj-t  of  this  field,  has  27  wells,  the  greater  part  of  which 
produce  from  100,000  to  1,000,000  cubic  feet  of  gas  each  a  day. 
The  company  has  laid  a  614  inch  main  to  Batavia  by  way  of 
Crittenden.  At  the  latter  place  a  branch  owned  by  the  Akron 
Natural  tJas  Co.  takes  gas  for  Akron  village  to  supplement  the 
supply  from  the  Akron  wells.  My  letter  to  the  Batavia  ofBce 
has  not  been  answered,  but,  from  the  best  information  at  my 
disposal,  I  judge  that  these  lines  supply  about  1200  taps.  The 
United  Natural  Cas  Co.  ha*  also  lately  drilled  eight  dry  and 
five  producing  wells  south  and  east  of  Lancaster  toward  Elma 
and  fipringhrook.  The  producing  wells  give  a  daily  output  of 
200,000  to  750,000  cubic  feet  each.  The  gas  fi-om  these  and  other 
local  wells  is  kept  in  reserve  and  used  only  in  very  cold  weather. 
The  main  supply  for  the  city  of  Buffalo  is  pi{>ed  from  Penn- 
sylvania. 

'  After  lying  idle  for  some  months  this  well  was   di;aned  out  and  yielded  15 
barrels  or  more  of  petroleum. 
'  Office  at  Batavia-  preaLdont,  Robert  Roee;  enperintendent,  0.  0.  Rom. 
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The  Lancaster-Depew  Natural  Gas  Co.  (J.  W.  Stearns  presi- 
dent, 98  White  building,  Buffalo)  has  found  a  productive  field 
of  undetermined  extent  at  Bowmansville.  At  present  (October 
1902)  the  company  has  four  wells  with  an  average  production 
each  of  250,000  cubic  feet  a  day.  The  gas  is  canded  to  Lancaster 
and  Depew  in  a  4  inch  main  and  is  now  being  distributed.  The 
Lancaster  Light  and  Conduit  Co.  (E.  Feyler  manager,  Lancaster) 
is  also  piping  in  gas  to  the  same  village  from  two  or  more  wells 
located  in  East  Lancaster  toward  Town  Line. 

On  account  of  the  decreasing  productiveness  in  the  home  wells, 
the  Clarence  Gas  Co.  began  a  search  for  gas  south  of  that  town. 
In  June  1902  a  well. on  the  Erisman  farm,  3  miles  east  of  Bow- 
mansville, reached  a  vein  of  gas  which  is  said  to  yield  200,000 
cubic  feet  a  day.  Another  well  drilled  for  the  same  company  on 
the  Marley  farm,  5  miles  east  of  Bowmansville,  in  August-Octo- 
ber 1902,  is  reported  to  be  good  for  300,000  cubic  feet  a  day.  In 
all  these  wells  the  gas  occurs,  as  is  usual  in  this  county,  in  the 
white  or  quartzose  Medina  sandstone. 

In  the  Getzville  group  the  pressure  appears  to  be  diminishing. 
The  Niagara  Light,  Heat  and  Power  Go.  (office,  3  Niagara  street, 
Tonawanda  N.  Y.)  has  drilled  four  new  wells  since  1895  with 
unsatisfactory  results.  One  completed  in  August  1902  produced 
at  the  start  less  than  11,000  cubic  feet  a  day. 

In  the  city  of  Buffalo,  the  small  reservoirs  of  natural  gas  are 
nearly  exhausted.  The  Buffalo  Cement  Co.  has  six  wells  which 
are  still  producing,  the  daily  output  aggregating  from  600,000 
to  700,000  cubic  feet.  In  these  wells  the  pressure  is  steadily 
declining.    The  gas  is  used  entirely  for  domestic  purposes. 

The  Richardson  group  of  wells  at  East  Aurora  has  proved 
inadequate  for  the  demands  of  that  village  and  Orchard  Park 
and  has  passed  into  the  hands  of  the  United  Natural  Gas 
Co.,  which  supplements  the  local  supply  from  its  Pennsylvania 
main,  whicli  is  near  the  latter  place. 

At  North  Collins  two  new  wells  were  added  to  the  group 
in  1902,  and  the  supply  of  gas  has  been  increased.  It  is  hoped 
that  the  additions  will  furnish  gas  enough  for  cold  weather,  at 
which  season  in  the  previous  years  the  old  wells  have  proved 
icadequate. 
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i  Boro  well,  IY2  niiles  northeast  of  Colliua,  now  fiirnisheg 
to  that  village  and  to  houses  along  the  route  of  the  line, 

Boro  rias  Co.  is  now  (October  1902)  setting  up  a  rig  to 
1  weli  no.  2  near  the  first  one.  The  same  company  is  also 
aecting  10  their  line,  a  wefl  drilled  in  1900  on  the  F.  Willeite 
a  near  Collins  to  meet  present  demands. 

he  two  wells  at  the  State  Homeopathic  hospital  near  Collins 
now  supplj-ing  to  that  institntion  about  35,000  cubic  feet  of 
a  day.  The  pressure  has  fallen  from  120  pounds  at  the  start 
5. 

fie  gas  supply  at  Spriiigville  haB  been  jncreased  by  a  well  at 
OB  faollov"  2  «w  3  miles  from  Springville  toward  Zoar.  Mr 
7.  fiteaAw  reports  the  well  as  capable  of  producing  from,  two 
btn  to  three  million  feet  a  day. 

I  tlta  vicinity  of  Gowanda,  partly  in  Erie  and  partly  in  Cat- 
vgoB  coun^,  a  little  additional  drilling  has  been  done.  A 
WM  pnt  down  by  the  Gowaoda  Gas  Co.  on  the  Frank  Taylw 
1  toward  Perrysbiirg  in  May  1901.  Another  was  aiink  be- 
ai  Qowanda  and  Dayton  about  June  1902,  and  a  third  on  the 
r  Ungear  farm  east  of  Gowanda  in  October  1902.  The  first 
*ie»e  light  producers.  The  third  is  not  yet  completed.  The 
i^te  well  near  Collins,  previously  referred  to,  was  drilled 
vcember  1900. 

'  '  Cliaataaqiia  county 

IB  geology  and  historj-  of  the  I.ake  shore  gas  belt  have  been 
M'TOry  folly  by  Professor  Orton  in  his  admirable  mono- 
A  on  petroleum  and  natural  gas.^  The  development  since 
'  h$M  been  in  the  utilization  of  gas  from  already  known 
I,  and  tlierefope  the  data  acquired  have  not  contributed 
kto  our  previous  knowledge.  The  wells  all  through  this  belt 
diallow,  small  pi-odneers.  and  generally  designed,  like  water 
I,  for  the  use  of  one  or  two  families.  The  gas  pressure  runs 
I  1  to  2  pounds  up  to  50  or  00  pounds.  A  pressure  of  25 
tdi  li  craaddered  good. 

Mad  I'redonia  a  few  wells  have  been  drilled  since  1899, 
i^jmning  very  productive.     If  enough  gas  is  obtained  for 

r^Ota,  MmiTd,  LL.D.  Petroleum  and  Natural  Oas  in  New  Yoi^.  N.  Y 
IfiAb^SO.    1809. 
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heating  and  lighting  a  house,  it  is  considered  a  paying  well.  At 
Westfield  several  borings  have  beeta  made.  Hon.  S.  F.  Nixon 
sunk  one  for  domestic  purposes  in  August  1900,  to  the  depth  of 
400  feet.  Charles  E.  McEwen  sunk  another  in  November  of  the 
same  year  to  the  depth  of  440  feet,  getting  a  supply  of  2500  cubic 
feet  a  day.^ 

Around  Ripley  the  gas  industry  has  been  more  active.    Mr 
Charles  Keith  of  that  village  within  the  last  two  years  (1901-2) 

■ 

has  put  do^n  16  gas  wells  all  within  4  miles  of  Lake  Erie  and 
mostly  in  Chautauqua  county.  Two  wei^e  nearly  barren,  the 
others  produce  from  500  to  20,000  feet  of  gas  a  day.  There  are 
no  large  wells  in  this  vicinity,  but  those  found  thus  far  seem  well 
adapted  to  private  use. 

There  are  three  companies  in  Ripley  which  supply  gas  to  con- 
sumers.    Gas  pressure  in  wells  runs  from  5  to  60  pounds. 

Only  one  n^w  well,  that  belonging  to  Orton  Smith,  is  re- 
ported from  Brocton.  Professor  O.  C.  Presler,  of  Stockton,  in- 
forms me  that  two  wells  have  been  sunk  near  that  village,  each 
of  which  gave  a  small  flow  of  gas.  One  was  located  on  the 
estate  of  Mortimer  Ely,  and  the  other,  which  was  2400  feet 
deep,  on  the  Andrew  Hunger  farm.  At  Busti  three  wells  were 
drilled  during  the  fall  of  1900  and  the  spring  of  1901.  One  of 
these  on  the  farm  of  A.  Philips  was  piped,  producing  enough 
gas  for  two  stoves.    The  others  were  barren. 

Since  my  last  report  several  wells  have  been  drilled  in  the 
vicinity  of  Mayville  and  Chautauqua.    The  old  McConnell  well  ' 
north  of  the  former  place  has  been  deepened  to  2929  feet,  but  i 
without  increasing  materially  the  yield  of  gas.    The  following  I 
record  of  the  extension,  furnished  by  Mr  G.  B.  Keith,  the  con- 
tractor, is  interesting  as  showing  the  presence  of  lower  De- 
vonian rocks. 

Brown  shales  at  1100  feet 

Gray  shales  at  1320  feet 


^  Mr  W.  B.  Duff,  of  Darlington  Pa.,  who  has  drilled  about  14  wells  around 
Westfield,  reports  that  90%  of  them  produce  some  gas.  It  is  generally  found 
above  750  feet  and  mostly  b(;tween  100  and  450  feet.  The  Westfield  wells,  he 
says,  produce  from  2000  to  7000  cubic  feet  in  24  hours.  The  gas  pressure 
holds  up  well  when  the  hole  is  free  from  water. 
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Black  (Marcellns?)  shales,  150  feet,  at  1S50  feet 

Limestone,  Corniferons  (Onondaga),  at  2000  feet 

Sulfur  gaa  at  2300  feet 

Salt  water  at  2600  feet 

Still  in  Ilmeatone  at  2900  feet 

Bottom  of  well  at  2929  feet 

A  well  1100  feet  deep  was  sunk  iu  1901  on  the  farm  of 
George  Hewes  about  midway  between  Mayville  and  Chautauqua. 
Bed  rock  was  reached  at  85  feet.  At  1050  feet  gas  with  a  con- 
fined rock  pressure  of  85  pounds  was  found.  It  is  now  used  to 
heat  two  houses. 

Another  well  on  the  farm  of  J.  F.  Hunt,  14  i"'Ie  west  of 
the  Chautauqua  grounds,  is  1200  feet  deep.  The  original  gas 
pressure  was  80  pounds,  which  has  now  fallen,  when  the  well 
\m  used,  to  fiO  pounds.  The  i^as  was  found  in  a  50  foot  stratum  of 
ksnd  at  a  depth  of  810  feet.  Tn  the  same  sand  was  found  a 
Small  quantity  of  amber  oil,  a  barrel  of  which  Mr  Keith  says 
Was  bailed  from  the  well.  The  gas  Mr  Hunt  uses  in  his  kitchen 
atoye. 

A  well  belonging  to  the  Chautauqua  Assembly  is  located  in  the 
?car  of  the  assembly  grounds.  Its  total  depth  is  1500  feet.  A  small 
iDpply  of  gas  with  an  original  confined  pressure  of  80  pounds 
Was  obtained.  It  furnishes  power  to  pump  water  from  three 
Irtesian  wells  near  by  which  supply  the  assembly  groands 
with  water. 

Still  another  well,  935  feet  deep,  is  on  the  farm  of  W.  J. 
Qonnell  1  mile  south  of  the  Chautauqua  grounds  on  the  Panama 
foad,  A  small  flow  of  gas  was  found  with  a  preaaure  of  45 
sounds.    The  gas  is  not  utilized. 

The  above  wells  were  drilled  in  1901-2.  A  group  of  six  wells, 
Bnging  from  500  to  800  feet  in  depth,  wiis  also  drilled  in  1901-2, 
n  the  township  of  Carroll  not  far  from  Freweburg.  All  have 
I  small  showing  both  of  gas  and  oil.  One  welt  has  produced 
»  the  extent  of  y^  barrel  of  oil  a  day. 

I  The  following  record  of  well  located  in  Kiantone  township,  3 
(tiles  south  of  Jantentown,  was  furnished  by  G.  B.  Keith.  Well 
tilled  in  August  1901. 

Prive  pipe  (o  rock  86  feet 

Casing  208  feet 
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Total  depth  739  feet 

First  gas  at  290  feet 

Second  gas  at  611  feet 

Third  gas  at  632  feet 

The  well  had  an  original  confined  gas  pressure  of  140  pounds 
which  has  since  increased  to  185. 

The  Pope  Hollow  well,  drilled  in  1805,  was  1800  feet  deep. 
It  contained  a  20  foot  layer  of  sand  at  500  feet,  which,  after 
being  shot,  gave  a  small  showing  of  both  gas  and  oil. 

Mr  Keith  has  also  drilled  a  well  900  feet  deep  on  the  farm  of 
Dennis  M.  Jenks,  2  miles  north  of  Kennedy.  It  proved  barren 
save  a  little  gas  at  900  feet. 

The  old  well  owned  by  Broadhead  &  Son  at  Jamestown  was 
sunk  to  the  depth  of  5000  feet. 

Cattaraugus  county 

There  has  been  comparatively  little  exploration  for  gas  in 
Cattaraugus  county  within  the  past  three  years.  In  the  fall 
of  1902  a  test  well  was  drilled  on  the  farm  of  Ezekiel  Kelly, 
lot  57,  township  of  Mansfield,  1  mile  northwest  of  the  village 
of  Little  Valley.  The  well  had  a  total  depth  of  900  feet.  Gas 
with  an  estimated  fiow  of  110,000  cubic  feet  a  day  was  found  at 
575  feet.    It  has  not  yet  been  utilized. 

A  group  of  five  wells  with  an  aggregate  production  of  three 
million  feet  a  day  has  been  drilled  on  lots  52,  60  and  68  in  the 
southwest  part  of  Red  House  township.  The  field,  on  lots  5,  6, 
13  and  14  in  the  Siame  township,  know^n  as  the  Red  House  gas 
field,  is  exhausted  and  is  practically  abandoned.  There  are  no 
other  changes  of  importance,  either  in  the  source  or  distribu- 
tion of  gas  in  this  county. 

In  1897  the  Mud  Creek  Oil  &  Gas  Co.  drilled  a  well  on  the 
Walker  farm  at  Mud  creek,  town  of  Randolph.  At  a  depth  of 
500  feet  gas  was  found  in  a  50  foot  stratum  of  good  sand.  The 
well  was  left  open  for  a  month,  then  cleaned,  and  30  days  later 
showed  a  pressure  of  240  pounds.  Another  well,  drilled  by  the 
same  company  on  the  Goodspeed  farm  100  rods  northeast  of 
the  first,  found  a  flow  of  oil  and  a  small  supply  of  sand. at  the 
same  depth  as  in  the  other.    Both  wells  are  now  abandoned. 
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Allegany  county 

The  Canaseraga  Oil  &  Gas  Co.  drilled  a  well  in  the  winter 
of  1901-2  on  the  Miles-Hnrvev  farm  ui'ar  Birdsall.  The  follow- 
ing data  are  forniahed  hy  O.  S.  Pratt,  one  of  the  stock hiildprs: 

Depth  of  well  1140  feet 

(iBB  with  an  estimated  pressure  of  150  pounds  at     550  feet 

The  producing  rock,  as  shown  by  the  sample  of  drilling  sent 
me,  was  a  micaceous  clay  sandslnne,  12  feet  thick.  No  tiil  was 
fonnd  in  the  well. 

Another  wpH,  drilled  about  three  years  earlier,  was  located 
%  of  a  mile  away  from  the  preceding.  It  had  traces  of  both  oil 
and  gas.  Still  another  in  this  vicinity  showed  a  trace  of  oil 
but  no  gas. 

The  Andover  gas  field  Las  been  increased  by  two  small  ex- 
tensions. The  first  lies  northwest  of  Andover  village  and  in- 
^'ludes  the  greater  part  of  lots  41,  42.  55.  56,  57,  04  and  05.  town- 
ship of  Andover.  The  other  lies  southeast  of  Independence  vil- 
lage and  includes  nearly  all  of  the  lots  103,  105  and  119,  town- 
ship of  Independence. 

A  well  drilled  for  gas  in  May  1902  on  lot  77,  Andover,  in  the 
old  Andover  field,  showed  a  pressure  of  150  pounds  in  one  min- 
ute and  400  pounds  in  four  minutes,  without  shooting. 

In  the  gas  companies  distributing  gas,  one  or  two  changes  are 
to  be  noted.  The  Allegany  Gas  Co.  Limited,  of  Friendship  is 
now  absorbed  by  the  Producers'  Gas  Co.  of  Olean.  The  latter  com- 
pany has  made  no  further  extensions  since  1899.  The  Empire 
Gas  &  Fuel  Co.  Limited,  of  Wellsvilie  has  also  acquired  the 
plant  of  the  Cuba  Gas  Co,  It  has,  however,  made  no  other 
Additions  to  its  producing  territory.  The  Xatiiral  Gas  Co.  of 
Andover  has  not  extended  its  lines,  though  the  additions  to  its 
Pfodnciiig  oil  and  gas  wells,  elsewhere  noted,  have  naturally 
*dded  to  the  productiveness  of  the  gas  territory. 

Steuben  county 

Except  in  the  extension  of  the  Allegany  field  into  this  county, 
30  drilling  of  any  consequence  for  cither  oil  or  gas  Itiis  been 
lone  since  1899.     The  Corning  Fuel  &  Heating  Co.  drilled  a 

jQud  well  to  the  depth  of  2000  feet  and,  finding  no  gas,  aban- 


pp/inf 
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doned  the  project.     The  Page  &  Darrin   well,  lot  19,  Erwii 
township,  is  filled  with  water  and  has  ceased  to  produce. 

PBTROIiBVM 

The  high  price  of  petroleum  during  the  past  three  years  hm 
greatly  stimulated  production.     Search  for  oil  has  been  vigor- 
ously prosecuted  along  the  borders  of  known  fields,  and  aban- 
doned pools  have  been  revived  and  worked.     Old  wells  have 
been  cleaned  out  and  refitted  and  new  ones  drilled  between, 
sometimes  at  intervals  not  exceeding  50  feet.     The  new  wells 
are  shot  with  heavy  charges  of  nitroglycerin,  200  quarts  being 
a  common  quantity,  and  often  start  off  with  a  suprisingly  large 
flow.    The  production  soon  drops  to  an  amount  varying  from 
y^  barrel  to  4  or  5  barrels  a  day. 

The  wells  are  pumped  in  multiple  by  what  the  operators  call 
a  "  power."    To  the  periphery  of  a  horizontal  disk  several  radi- 
ating wire  ropes  are  attached.     The  ropes  rest  on  X-shaped 
rockers,  placed  at  short  intervals,  and  are  connected,  at  the  re- 
mote end,  with  the  pumps,  which  may  be  half  a  mile  or  more 
distant  from  the  power.    By  means  of  a  gas  engine  the  disk  is 
made  to  turn  half  revolutions,  thus  tightening  the  ropes  and 
pumping  several  wells  simultaneously.    By  operating  a  power 
for  a  few  hours  and  then  passing  to  another,  a  single  man  may 
care  for  a  large  number  of  wells  and  thus  decrease  the  cost  of 
production.     The  gas  for  the  engine  is  either  obtained  from 
the  oil  wells  or  from  a  "  gasser "  in  the  vicinity  and  costs  very 
little.    By  the  above  means,  wells  producing  only  ^4  barrel  of 
oil  a  day  are  pumped,  and  are  considered  remunerative. 

The  little  oil  pool  at  Humphrey  has  not  greatly  increased  in  pro- 
ductiveness. The  wells  in  this  group  are  small  producers,  and 
the  field  does  not,  at  present,  give  promise  of  further  profitable 
extension.  A  new  well  was  drilled  about  Aug.  15,  1902.  It  waB 
located  on  the  Edwin  Guthrie  farm  about  450  feet  northeast 
from  another  well,  which  has  been  pumped  since  1898.  At  last 
accounts  the  well  had  100  feet  of  oil  in  it,  but  had  not  been 
pumped. 

No  change  is  reported  from  the  field  near  Allegany  village. 
The  Kicp  brook  pool  is  practically  exhausted  and  has  almost  ceased 
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to  produce.  About  1898-99  several  good  wells  were  opened  on 
the  Indian  reservation  north  and  northwest  of  the  Chipmunk 
field.  This  accession  has  now  so  fallen  off  in  productiveness 
that  its  owner,  the  South  Pennsylvania  Oil  Co.,  regards  it  as 
"played  out."  Important  additions  which  appear  to  be  perma- 
nent have  been  made  farther  south.  The  little  pool  at  Irving's 
Mills  has  been  connected  toward  the  east  with  the  Chijmiunk 
field,  which  has  been  also  extended  on  the  south  so  as  to  in- 
clude the  greater  part  of  lots  G,  14,  22  and  28,  Carrollton.  An- 
other spur  from  the  eastern  end  of  the  Chipmunk  field  extends 
the  line  of  this  addition  easterly  into  lots  3  and  1,  Allegany. 
The  Chipmunk-Flatstone  pool  has  also  been  connected  by  pay- 
ing wells  with  the  Bradford  field  near  Limestone.  The  small 
pool  on  lot  1,  near  the  headwaters  of  Fhitstone  creek,  has  also 
been  connected  with  the  main  oil  field  on  the  south. 

Allegany  county 

In  1901,  five  wells  were  drilled  within  a  mile  of  Short  Tract 
village.  In  all  of  these  ambi^r  oil  was  found  at  depths  ranging 
between  600  and  800  feet.  Only  one  well  was  pumped  and  that 
has  since  been  abandoned.  It  was  said  to  yield  three  barrels 
of  oil  a  day,  but  this  I  have  been  unable  to  verify.  Concerning 
this  well,  Mr  W.  S.  Mills  of  Fillmore  writes:  ''The  casing  is  full 
to  overflow,  but  whether  its  contents  are  all  oil  or  partly  salt 
water,  I  can  not  say.'- 

Exploration  for  oil  has  also  been  carried  on  about  IVo  miles 
northeast  of  Friendship.  A  well  on  tht*  McCarthy  farm  on  the 
east  side  of  lot  30  struck  a  vein  of  oil  at  12t)0  feet  wliicli  yic^lded 
y^  barrel  a  day.  Another  well  with  similar  conditions  juid  yield 
was  bored  on  lot  22.    These  w(^lls  are  not  considered  important. 

A  small  pool  consisting  of  about  15  wells  has  been  opened  at 
Dry  Brook  about  2  miles  northeast  of  Scio,  on  lots  5G  and  41, 
Amity,  and  lot  12,  Ward,  townships.  Thes(^  are  small  pro- 
ducers— 1  to  5  barrels,  but  pay  at  the  present  price  of  oil. 

Scio  Oil  &  Gas  Co.'s  no.  9  on  the  Fuller  farm,  lot  5(1,  Amity, 
was  completed  about  Oct.  25,  1902.  it  filled  a  05  barrel  tank  at 
the  first  pumping  and  had  to  be  shut  down  till  more  storage 
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tanks  could  be  erected.  A  well  on  the  BeCfSe  farm,  southeast 
of  the  Fuller  well  and  belonging  to  the  Baldwin  &  Norton  Oil 
Co.,  completed  about  the  same  time,  gave  57  barrels  the  first 
head.  As  in  the  previous  case,  pumping  was  delayed  for  lack 
of  storage.  These  two  wells,  the  best  drilled  in  Allegany  county 
for  many  years,  indicate  that  the  center  of  the  Scio  pool  may 
lie  between  the  old  Scio  and  Dry  Brook  fields. 

In  October  1902,  the  Norton  Oil  Co.  of  Wellsville  put  down  a 
well  on  the  Miles  farm,  southwest  of  Scio  toward  Albertson,  in 
the  hope  of  connecting  the  Scio  field  with  the  northern  spur  of 
the  main  oil  field  toward  Allentown.  The  well,  however, 
proved  to  be  a  light  producer. 

The  Andover  field  has  been  extended  slightly  on  the  eastern 
side,  so  as  to  include  two  tiers  of  lots  on  the  southwest  corner 
and  side  of  Greenwood,  Steuben  co.  The  extension  north  in- 
eludes,  also,  lot  8  in  the  first  tier.  In  1901  three  wells  were 
drilled  on  lots  28,  25  and  48,  Greenwood,  the  last  or  most  east- 
erly being  nearly  barren.  A  notable  extension,  also,  has  been 
made  south  of  the  village  of  Independence,  where  60  wells  have 
been  drilled  within  two  years.  The  new  wells  are  located 
mostly  on  lots  80,  81,  75,  74,  97  and  96,  Independence.  Two  small 
wells  have  also  been  drilled  cast  of  the  new  extension  on  the 
northwest  j^art  of  lots  7  and  8,  West  I'nion.  The  Independence 
wells  are  all  small  —  1  to  3  barrels.  Oil  comes  from  the  Fulmei 
Valley  sand,  which  is  200  feet  lower  than  the  Penney  sand. 
These  small  wells  are  shot  with  heavy  charges — ^200  to  300 
quarts — of  nitroglycerin. 

Three  or  four  wells  have  also  been  drilled  in  the  south  part 
of  Granger  township.  A  fair  show  of  oil  was  obtained,  but  not 
enough  to  pay  for  drilling.^ 

^  Information  from  W.  J.  Penny,  president  Natural  Gas  Co.,  Andover. 


ONOUrC   GEOLOGY  OF   MONROE   COUNTY  AND   COK- 
TIGUOUS  TERKITOKY 

BY    CLIFTON    J.    SABLE 

Jouroe  county,  in  western  New-  York,  hiis  an  average  length 
lu  cnst  lo  west  of  32  miles,  and  a  greatest  breadtli  of  26.  The 
al  area  is  682  square  miles  divided  into  19  tnwnw.  It  may  l>e 
ighly  compared  to  an  inclined  plane,  having  an  elevation  in 
!  southern  portion  of  about  7(10  feet  above  tide,  and  in  the 
Tthcin,  at  Lake  Ontario,  of  246  t'eot,  the  loea!  base  level. 
ni'3  broad  topographic  featui'es  of  the  county  are  due  to  the 
■ylng  character  of  the  underlying  rocJc  formations  and  the 
iseqiieut  difference  in  the  rate  of  their  destruction.  Within  the 
;a  Ihere  arc  one  sandstone  and  four  important  limestone 
["izous  alternating  with  five  shale  horizons.  These  lie  in  nearly 
rizontal  layers,  Ibeir  succussively  truncated  edges  facing  north- 
rd  and  sti-etching  eastward  and  westward  through  the  county. 
e  shales  which  weather  most  rapidly,  produce  areas  of  de- 
iHsiou,  while  the  others  cause  areas  of  prominence  and  whclves 
platforms. 

Supoi'imposed  on  these  features  are  those  due  to  the  distribu- 
•u  of  the  drift,  often  more  conspicuous  because  of  their  limited 
tent.  The  di'if  t,  while  reproducing  in  a  general  way  the  broad 
Ltnres  of  the  underlying  rock  surface,  is  irregular  in  its  dis- 
l^ution.  It  is  usually  arranged  in  more  or  less  well  defined 
at  and  west  ridges,  or  moraines,  though  in  some  piirts  of  the 
imty,  it  ie  raised  into  elongated  north  and  south  mounds,  or 
umlius,  both  of  these  forms  being  the  i-esult  of  direct  deposition 
[im  the  glacier.  In  addition  to  these,  are  otlier  features,  the 
suit  of  the  sorting  and  arranging  by  water  of  the  ma-terial 
?ed  from  the  glacier,  such  as  serpentine  north  and  south  ridges 
gravel  known  as  eskers,  supposed  tn  have  been  formed  beneath 
e  ice  sheet  by  running  water;  mounds  of  sand  and  gravel 
i-med  by  the  ilebouchure  of  streams  from  the  ice  front  into 
Tided  water;  beach  and  bar  stnictures  formed  in  connection 
th  the  glacial, lake  history  of  the  region;  gravel  lobi'S  formed 
the  mouths  of  streams  flowing  into  these  glacial  lakes  from 
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the  valley  sides;  and  clay  and  sand  plains  formed  in  the  deepea 
portions  of  these  lakes.  Subsequent  erosion  has  done  much  t« 
modify  the  original  features. 

From  the  rock  formations  and  the  overlying  drift  are  obtained 
stone,  lime,  gypsum,  sand  and  gravel,  clay  and  peat.  In  Living 
ston  county,  I/2  mile  south  of  the  Monroe  county  border,  is  an  e:^ 
tensive  deposit  of  marl  which  is  used  in  the  manufacture  c: 
cement.  Though  there  are  in  Monroe  county  smaller  deposit 
of  this  material,  no  attempt  hafi  been  made  to  utilize  them. 

Beginning  at  Lake  Ontario,  the  first  hard  rock  exposed  is  tXj 
Medina  sandstone.     It  underlies  a  belt  of  country   averagixj^ 
about  5  miles  in  breadth  and  has  a  total  exposed  thickness  along 
the  Genesee  river  of  about  150  feet.     In  the  basal  100  feet  it  ia 
a  red  shale  or  clay  with  some  benches  of  argillaceous  sand- 
stone.    The  shale  rapidly  disintegrates  on  exposure  and  is  suit- 
able for  brick  manufacture.     In  the  upper  50  feet  or  more  the 
formation  is  a  red  sandstone  with  shale  partings,  the  less  argil- 
laceous parts  being  suitable  for  building  purposes.     This  sand- 
stone is  developed  on  a  ^jniall  scale  at  various  places  along  its 
outcrop. 

The  next  formation  is  the  Clinton,  which  underlies  a  belt  of 
country  averaging  V/2  miles  in  breadth.  It  consists  of  two  shaJefl 
and  two  limestones,  aggregating  nearly  80  feet  in  thickneflfl. 
The  shales  alternate  with  the  limestones,  the  group  beginning  with 
a  shale.  The  shales  have  never  been  used,  but  experiments  show 
that  tli«y  could  be  utilized  in  making  brick.  The  lowei*  limestone, 
20  feet  thick,  is  a  thin  layered,  silicious  limestone  with  shale  part- 
ings. At  one  time  it  was  quite  extensively  quarried  along  the 
Genesee.  The  upper  is  a  thin  layered  limestone  18^^  feet  thick, 
with  shale  partings.  Though  it  disintegrates  rapidly  on  exposure, 
it  also  has  been  quarried  to  some  extent  along  the  Genesee. 

Above  the  Clinton  is  the  Rochester  shale,  forming  a  belt 
averaging  about  1^2  miles  in  breadth.  It  is  a  calcareous  shale 
or  very  impure  muddy  limestone,  about  80  feet  in  thickness. 

On  this  rests  the  Lockport  dolomite  (limestone)  underlying  an 
area  about  4  miles  in  breadth.  It  has  a  thickness  in  the  neighbo^ 
hood  of  100  feet.  It  varies  somewhat  in  its  character,  but  may  be 
described  as  a  magnesian  limestone  of  drab  color.    It  furnishes 
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the  best  stone  in  the  county,  both  for  building  purposes  and  for 
making  lime. 

Following  on  this  is  the  Salina  formation.  It  is  600  or  700 
feet  in  thickness  and  underlies  a  belt  of  country  10  to  12  miles 
in  breadth.  In  the  basal  portion  it  is  a  soft  shale,  variously 
colored,  disintegrating  rapidly  when  exposed  to  a  clay  which 
might  be  used  for  brick.  In  the  upper  portion  it  carries 
beds  of  gypsum,  succeeded  by  the  W'aterlime  or  i>ertie  beds. 
The  gypsum  beds  are  worked  in  the  southwestern  part  of  the 
county,  and  the  Bertie  limestone  at  one  place  in  its  southern  part. 

Succeeding  this  in  the  two  extreme  towns,  is  the  Onondaga 
limestone.  Like  the  Bertie  it  forms  fair  building  material,  but 
owing  to  its  remoteness  from  a  market,  is  only  quarried  at  one 
place. 

The  distribution  of  the  sand  and  gravel  of  the  county  is  ex- 
tremely irregular.  Their  occurrence  can  be  only  roughly  indi- 
cated by  locating  the  more  extensive  deposits.  These  comprise 
the  Turk  hills,  partially  included  in  the  southeast  corner  of  the 
county;  an  area  of  deposits  extending  from  these  hills,  north- 
westward to  Irondequoit  bay;  mounds  and  eskers  of  the  Mendon 
pond  region;  the  Pinnacle  hills,  Avhich  begin  southeast  of  Roches- 
ter, in  Brighton  village,  and  extend  along  the  southern  outskirts 
of  the  city  to  the  Genesee;  a  continuation  of  these  which  can  be 
traced  westward,  though  less  clearly,  to  Brockport,  a  distance  of 
18  or  20  miles;  an  area  of  sand  and  gravel  hills  in  the  northern 
part  of  the  town  of  Chili;  another  partially  included  in  the  south- 
western corner  of  the  county;  the  Ridge  road  which  extends 
eastward  and  westward  throughout  the  entire  length  of  the 
county,  passing  along  the  northern  outskirts  of  Rochester;  and 
the  beach  of  Lake  Ontario.  Besides  these  are  hundreds  of  smaller 
deposits  scattered  over  the  areas  between. 

Of  these  areas,  the  material  obiained  from  the  Pinnacle 
range  is  undoubtedly  the  best,  notably  (he  sand.  Mncli  of  the 
gravel  in  the  southern  part  of  the  county  carries  a  large  ad- 
mixture of  material  from  the  upper  calcareous  portions  of  the 
Salina  shale,  often  amounting  to  over  50^  of  the  deposits.  It 
is  of  interest  to  note,  as  pointed  out  to  the  writer  by  Mr  E.  P. 
Clapp,  of  North  Rush,  that  all  of  the  gravel  deposits  in  the 
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In  the  three  quarries  on  Goodman  street,  the  stone  for 
macadam  is  crushed  in  stationary  Gates  crushers;  the  drilling 
is  done  by  steam;  and  the  blasting  with  dynamite.  In  the 
other  quarries  of  the  city,  with  the  exception  of  Pike's,  where 
steam  is  occasionally  used,  drilling  is  done  by  hand  and  blasting 
with  black  powder. 

No  dressed  stone  is  sold  from  these  quarries.  Building  stone 
sells  at  $3.50  to  J4  a  cord;  macadam  at  Jl  a  yard  when  sifted, 
when  not,  at  75  cents  to  80  cents;  the  siftings  at  90  cents  a  yard. 
In  the  smaller  quarries  rock  chips,  or  quarry  rubbish,  sell  at  20 
cents  a  load. 

A  few  miles  west  of  Rochester  are  several  small  quarries  in 
the  Lockport  dolomite.  One  of  these  owned  by  Henry  Trabold 
and  Vogt  Bros.^*^,  1^/^  miles  northeast  of  Coldwater  station 
in  the  town  of  Gates,  has  been  worked  by  Chambers  &  Casey, 
contractors,  of  Rochester.  From  it  1100  yards  of  stone  were 
used  for  macadamizing  the  Buffalo  road.  From  another^^)  just 
west  of  Gates  Center,  on  the  site  of  an  old  limekiln  near  school- 
house  no.  6,  Gates,  on  the  north  side  of  the  Buffalo  road,  800 
yards  of  macadam  were  used  by  the  above  mentioned  firm  for 
the  same  purpose.  A  quarry^^>  on  a  small  creek  y^.  i^^^^  south 
of  Gates  Center  is  owned  by  Edward  Marsh.  It  is  worked 
irregularly. 

East  of  Rochester,  in  the  town  of  Pittsford,  Whitmore, 
Rauber  &  Vicinus  of  Rochester  have  taken  out  5254  yards  of 
Lockport  dolomite  from  the  bed  of  West  branch  of  Allen  creek, 
on  the  lands  of  J.  Christ<i^>  and  C.  Teare^^>,  for  macadamizing 
Monroe  avenue. 

The  Medina  sandstone  quarries  are  located  west  of  the  Gene- 
see, near  the  Ridge  road.  In  the  town  of  Greece,  %  of  a  mile 
north  of  the  Ridge  road  and  just  west  of  the  Charlotte  branch 
of  the  Buffalo,  Rochester  &  Pittsburg  Railroad,  is  a  quarry 
belonging  to   Bishop   McQuaid^^^)^    The  rock  is  taken   from   a 

massive  tier  about  45  feet  from  the  top  of  the  formation.  Dur- 
ing the  past  year  a  considerable  amount  has  been  removed  for 
monument  foundations  and  for  private  building  purposes.  A 
quarry  adjoining  this  is  owned  by  J.  A.  Rainesford^^>.     It  is 
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only  worked  shallowly.  About  75  cords  have  been  sold  during 
this  year. 

George  A.  Allen  and  William  Britton  own  quarries  south  of 
the  Bidge  road,  just  west  of  the  Scott  road,  and  I/2  mile  west  of 
the  above  quarries.  These  quarries  are  at  a  little  higher  level 
in  the  Medina.  This  year  the  owners  have  only  worked  them 
for  their  own  purposes. 

In  the  town  of  Parma,  on  the  farm  of  Luther  T.  Bradshaw, 
south  of  the  Bidge  road,  is  a  quarry  which  is  worked  irregu- 
larly<i4>. 

One  mile  north  of  Honeoye  Falls,  on  the  south  side  of  Hone- 
oye  creek,  on  the  Honeoyo  branch  of  the  Lehigh  Valley  Bailroad, 
are  two  quarries  owned  by  John  Tinker.  The  one  east  of  the 
railroad  is  in  the  basal  beds  of  the  Onondaga  limestone<^,  the 
one  west  is  in  the  top  of  the  Bertie  limestone^^^>,  with  the 
weathered  Onondaga  as  a  capping.    These  are  worked  but  little. 

Cantrdcts  for  macddamizing  roads  of  Monroe  coimty 

During  the  past  season  contracts  for  macadamizing  48  miles 
of  road  in  Monroe  county  have  been  let.  The  following  list 
gives  the  contractors'  names,  sections  of  the  road,  material  used 
and  its  source. 

West  Henrietta  road.  6  237  miles;  13,000  yards  of  Leroy  limestone  (Onon- 
daga); contractors,  Anderson,  Thomas  &  Brown.  Glens  Falls. 

fitcotteville,  section  1.  2.254  (piles;  4700  yards  of  Leroy  limestone;  contrac 
tors,  John  Dunfee  &  Co.  S3rracuse. 

Scottsville,  section  2.  7.537  miles;  (contract  only)  16,000  yards  of  crushed 
stone.  Stone  may  come  from  quarry  just  south  of  Scottsville  or  from  Leroy. 
Contractors,  Anderson,  Thomas  &  Brown,  Glens  Falls. 

Clifton  road.  3.623  miles;  Leroy,  7700  yards  (contract  only);  contractors, 
John  Dunfee  &  Co.  Syracuse. 

Hamlin  road,  section  1.  4.637  miles;  6600  yards  of  crushed  Medina  sand- 
stone boulders  used  as  foundation,  and  3300  yards  of  granite  boulders  used  as 
dressing;  contractors,  Casey  &  Murray,  Rochester. 

Hamlin  road,  section  2.  4.057  miles;  5830  yards  of  sandstone  boulders  for 
dressng;  contractors,  Casey  &  Murray. 

BofEklo  road,  section  1.  .0364  miles;  800  yards  of  limestone  from  the 
Doty  quarry  north  of  the  road  and  just  west  of  Gates  Center;  contractor, 
George  Chambers,  Rochester. 

BnfiSalo  road,  section  2.  5.089  miles;  1100  yards  of  Lockport  dolomite 
from  conjoined  quarries  of  Henry  Trabold  and  Vogt  Bros. ;  contractor,  George 
Ghambers,  Rochester. 
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Monroe  avenue.  4.226  miles;  8200  yards  of  Lockport  dolomite,  in  part 
boulders  and  in  part  from  the  bed  of  West  branch  of  Allen  creek,  Pittsford; 
contractors,  Whitmore,  Rauber  &  Vicirius,  Rochester. 

Web Uer  road,  section  1.  1.576  miles;  3450  yards  of  Lockport  dolomite 
from  Foery  &  Kastner*s  quarry,  Goodman  street,  Rochester;  contractor, 
Horace  M.  Cowles,  Rochester. 

Webster  road,  section  2.  2.96  miles;  limestone  from  fields  on  what  is  known 
as  Atlantic  avenue,  road  east  of  the  Irondequoit  creek  and  in  the  vicinity  of 
tl^e  Black  Oak  tavern;  contractor,  F.  A.  Brotsch,  Rochester. 

Webster  road,  section  3.  3.398  miles;  for  foundation,  5000  yards  of 
macadam  made  from  field  stone,  for  top,  2500  yards  of  granite  boulders;  con- 
tractor, Henry  L.  Smith,  Long  Island  City. 

Webster  road,  section  4.  2.879  miles;  will  use  4200  yards  of  macadam 
made  from  limestone  boulders;  2100  yards  from  granite  boulders. 

Clay  industry 

The  clay  industry  of  the  county  is  entirely  centered  in  and 
about  Rochester.  The  supply  of  clay  used,  excepting  some 
imported  from  outside  the  State  for  pottery  and  sewer  pipe 
manufacture,  is  obtained  from  an  area  of  country  about  10 
miles  in  breadth  and  with  a  greatest  length  from  north  to  south 
of  about  7  miles,  its  northern  edge  abutting  the  Pinnacle  range. 
The  deposit  lies  in  the  towns  of  Brighton,  Henrietta  and  Chili. 
The  clay  is  of  Quaternary  age  and  was  fornaed  as  a  fine  sedi- 
ment at  the  bottom  of  the  glacial  waters  ponded  against  the 
ice  front  at  the  time  of  the  formation  of  the  Pinnacle  range. 
Though  generally  red,  it  varies  somewhat  in  color,  being  in  some 
places  yellowish  or  limonitic. 

Its  distribution  is  irregular,  its  depth  running  from  nothing 
to  10  or  12  feet.  The  average  thickness  at  the  various  places 
where  it  is  worked  is  something  under  4  feet.  It  may  be  thick 
or  thin  on  a  knoll;  in  some  cases  it  is  covered  by  sand,  in  others 
it  underlies  gravelly  knolls.  Some  of  that  along  Black  creek 
may  be  connected  with  the  history  of  that  stream.  The  beds  in 
its  vicinity  are  underlain  by  quicksand.  At  other  points  it  is 
usually  underlain  by  hard  pan  or  argillaceous  gravel.  At 
points  in  the  clay,  boulders  are  found  in  heaps  or  ridges  of  small 
size  known  as  "  hogbacks." 

The  clay  is  worked  in  two  regions;  one  3  miles  east  of  the 
Genesee  and  the  other  a  short  distance  west. 
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The  Rochester  Brick  &  Tile  Co.  office,  243  Powers  block, 
Rochester,  is  located  at  the  eastern  of  these  localities(i>,  in 
Brighton,  on  Monroe  avenue,  about  3  miles  from  the  center  of 
Rochester.  It  manufactures  brick,  draintile,  flue  linings,  fire 
brick  and  building  materials.  The  clay  bank  of  this  company  is 
Yo  mile  south  of  the  works  and  is  of  a  red  color  with  a  little 
sand  or  loam  over  it  at  some  points.  This  sand  is  utilized  with 
the  strong  clay,  so  that  no  sand  need  be  added.  If  too  much 
sand  is  found  in  the  clay  at  one  point,  it  is  equalized  by  mixing 
it  with  clay  from  another.  As  high  as  one  fourth  sand  can  be 
used.  The  clay  at  the  present  point  of  the  working  is  12  feet 
deep.  It  becomes  a  little  lighter  colored  toward  the  bottom 
and  passes  into  a  hard  pan  or  argillaceous  gravel.  Occasion- 
ally a  small  hogback  of  boulders  is  struck  in  this  bank,  though 
none  have  been  uncovered  this  vear. 

The  material  is  plowed  down  as  wanted  and  shoveled  into 
cars,  which  are  drawn  by  horses  to  the  works,  where  it  is 
dumped  out  on  a  platform  in  front  of  the  machines.  If  bricks 
are  to  be  made,  it  is  shoveled  into  a  two  roll  crusher  and 
passed  through  once  and  out  on  an  elevator  or  belt,  which  car- 
ries it  to  the  pug  mill,  where  it  is  tempered  and  prepared  for. 
the  brick  machine.  From  the  end  of  the  pug  mill,  it  is  fed  di- 
rectly into  the  upright  soft  mud  machine.  The  material  is 
worked  down  through  into  molds  by  means  of  a  series  of  hori- 
zontal knives  set  at  an  angle  and  turned  about  a  vertical  axis. 
From  the  molds,  the  bricks  are  dumped  on  wooden  pallets, 
trucked  away  and  placed  in  the  racks  to  dry.  There  are  three 
of  these  soft  mud  machines,  placed  on  a  line  shaft  at  convenient 
distances  from  the  rack  system.  Thirty-five  thousand  bricks 
can  be  manufactured  by  a  machine  in  a  day.  The  bricks,  when 
dry  enough  to  handle,  are  ''edged  up"  in  the  racks,  where  they 
remain  till  dry  enough  to  go  to  the  kiln. 

The  principal  part  of  the  burning  is  done  in  the  Wingard  and 
continuous  kilns.  The  Wingard  is  an  up-draft  kiln  consisting 
of  side  walls  and  stationaiw  fire  boxes.  There  are  six  of  these 
kilns  at  the  factory.  Bricks  are  piled  into  them  52  to  54  high, 
the  capacity  being  500,000  to  600,000  each.    When  filled,  the 
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open  ends  are  scoved  up,  that  is,  sealed  with  a  layer  of  burnt 
brick  plastered  over  the  outside  with  clay*  About  eight  days 
are  required  for  burning  and  six  for  cooling.  The  bricks  are 
left  in  the  kiln  till  sold.  The  continuous  kiln  is  square  in  form 
and  is  divided  into  16  chambers,  eight  on  a  side,  holding  about 
35,000  bricks  each.  The  process  of  burning  this  kiln  is  firing 
down  one  side,  crossing  over  and  back  on  the  other  side,  contin- 
uing this  process  around  indefinitely,  the  filling  and  drawing  of 
the  different  chambers  of  the  kiln  proceeding  as  the  contents  are 
ready.  The  bricks  in  all  stages  of  burning  from  green  brick  to  the 
finished  product  ready  for  delivery,  are  found  in  the  chambers 
at  one  time.  The  firing  of  the  kiln  is  done  from  the  top,  the 
heat  passing  through  several  chambers  before  going  into  the 
chimnev  flues.     Soft  coal  slack  is  used. 

The  company  has  a  machine  for  the  manufacture,  by  the  stiff 
mud  process,  of  hollow  ware  such  as  draintiles,  flues  and  fire- 
proofing  material.  This  machine  is  called  an  auger  stiff  mud 
machine  and  has  a  capacity  of  100  or  more  tons  a  day.  The 
number  of  feet  of  tile  manufactured  in  a  day  depends  on  its 
size,  it  being  possible  to  make  more  of  the  small  tile,  in  case  of 
two  inch  draintile,  about  40,000  feet.  This  product  is  burned 
mainly  in  two  round  down-draft  kilns.  The  time  required  for 
burning  is  four  or  five  days  and  for  cooling,  three  days.  The 
clay  for  this  ware  is  prepared  in  a  like  manner  to  that  for  the 
soft  mud  machine  with  the  exception  that  four  roll  crushers 
are  used  instead  of  two.  The  pugging  process  is  the  same  as 
in  the  brick,  the  material  going  directly  from  the  mill  to  the 
auger  machine.  These  tiles  are  dried  in  racks,  and,  owing  to 
their  being  hollow,  do  not  have  to  be  edged  up. 

In  the  busy  season  the  company  employs  an  average  of  from 
100  to  140  men.  The  men  work  by  stint  and,  if  making  brick, 
are  given  35,000  a  day  to  do;  so,  starting  at  7  o'clock  a.  m., 
taking  a  half  hour  nooning,  they  are  through  at  3  o'clock  p.  m. 

The  end  of  the  brick  season  for  this  year  was  Oct.  19. 

Whitmore,  Rauber  &  Vicinus  formerly  had  two  brickyards, 
one^2^  on  the  Buffalo,  Rochester  &  Pittsburg  Railroad,  about  4 
miles    from    the    depot    in    Rochester,    the    other    on    Monroe 
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avenue  east  of  the  Rochester  Brick  &  Tile  Co.'s  yard.  They  have 
now  consolidated  their  works  and  carry  on  business  at  the 
former  locality  und€?r  the  name  of  Rochester  German  Brick  & 
Tile  Co.  The  company  manufacture  brick,  draintile  and  hollow 
ware. 

Its  clay  bank  is  located  14  n^il^  from  the  buildings.  The  ma- 
terial at  present  runs  about  3  feet  deep.  The  clay  is  brought  to 
the  yards  by  a  small  ste!am  engine.  It  is  prepared  in  the  same 
way  as  by  the  Rochester  Brick  &  Tile  Co.  The  company  has  four 
stationary  up-draft  Philadelphia  kilns  and  one  Wilford  con- 
tinuous kiln,  the  latter  being  used  almost  exclusively.  The  Phila- 
delphia kiln,  like  the  Wingard  kiln  used  by  the  Rochester  Brick 
&  Tile  Co.,  consists  of  side  walls  and  open  ends,  but,  instead  of 
confining  four  fires  in  one  chamber,  the  Philadelphia  kiln  is  fired 
under  each  arch.  The  number  of  men  employed  in  the  busy 
season  is  between  100  and  140. 

The  Maplewood  brickyard^^^,  belonging  to  the  Hiram  Sibley 
estate,  office  in  Triangle  building,  Rochester,  is  located  at  Maple- 
wood,  on  the  Buffalo,  Rochester  &  Pittsburg  railroad,  2  miles 
south  of  the  Rochester  German  Brick  &  Tile  Co.'s  yard.  This 
company  confines  itself  to  making  common  building  brick.  The 
works  are  superintended  by  Robert  Gay. 

The  bajnk  is  located  a  mile  farther  south  along  the  railroad. 
The  clay  at  present  runs  about  3  feet  thick  and  is  underlain  by 
quicksand.  It  is  lighter  colored  than  that  of  the  Rochester  Brick 
&  Tile  Co.,  and  the  lowesr  portion  is  lighter  colored  than  the 
upper. 

The  clay  is  spaded  into  cars,  and  drawn  to  the  works  by  a 
small  steam  engine.  It  is  mixed  with  sand  and  tempered  by 
hajnd  in  a  pit,  a  process  known  as  puddling,  and  then  shoveled 
into  the  soft  mud  machine.  The  company  has  one  Wilford  con- 
tinuous  and  four  Wing:ard  up-draft  kilns. 

On  an  average  50  men  are  employed  during  the  brickmaking 
season,  which  is  from  April  to  October  or  November,  according 
to  the  year.  Boys  are  employed  in  bringing  pallets  and  in  edging 
brick.  The  pallet  racks  are  arranged  as  at  the  Rochester  Brick 
ft  Tile  C!o.'8  jardfl.    1%e  teaming  is  done  by  oomtraot 
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The  output  during  the  past  year  was  4,923,500  bricks,  bringing 
on  an  average  $6.83  a  thousand. 

Pottery  industry 

One  i>ottery  is  owned  by  John  Schmidt.     The  shop  is  located 

at  16()  Scio  street,  Rochester.    The  bulk  of  the  material  used  is 

Quaternary  clay  obtained  in  the  town,  of  Chili,  at  a  point^^>  4 

miles  south  of  the  center  of  Rochester,  between  the  Scottsville 

road  and  the  Western  New  York  &  Pennsylvania  Railroad.     In 

addition  to  this,  clays  from  New  Jersey  and  Ohio  are  used  for 

glazes.     The  product  consists  of  flowerpots,  some  of  which  are 

glazed  by  slipping.     The  large  pots  are  made  on  a  pottei*s'  wheel, 

the  small,  in  presses  with  changeable  dies.     One  kiln  is  used. 

Four  men  are  employed. 

Sewer  pipe  industry 

There  are  two  sewer  pipe  manufactories  in  the  county,  both 
located  at  Rochester.  The  New  York  Sewer  Pipe  Co.,  (office  in 
German  Insurance  building,  Rochester)  disposes  of  the  entire 
output.  The  factory  of  the  Rochester  Sewer  Pipe  Co.  is  located 
at  545  Oak  street,  and  the  office  is  at  247  Powers  building.  The 
president  and  general  manager  is  R.  H.  Gorsline;  director, 
W.  H.  Gorsline.  Most  of  the  clay  used  in  this  factory  comes 
from  the  town  of  Chili,  1  mile  south  of  Maplewood  station^*^). 
With  this  is  used  a  New  Jersey  fire  clay  from  Raritan  river 
(Cretaceous),  as  the  Chili  clay  will  not  stand  vitrifying  alone. 

The  Chili  clay  is  yellow  or  limonitic,  averaging  3  feet  in 
depth,  and  is  underlain  by  quicksand.  In  some  parts  of  the 
bank  the  clay  becomes  sandy,  too  sandy  for  use,  lOj^  to  15^ 
being  the  liniit  at  which  it  can  be  used.  Wlien  sand  is  needed, 
it  is  obtained  in  stripping  this  bank...  The  material  is  brought 
to  the  works  on  the  Buffalo,  Rochester  &  Pittsburg  Railroad. 
At  the  bank  the  cars  are  run  in  on  a  siding,  and  the  clay  is 
thrown  in  from  the  spade.  The  New  Jersey  clay  is  shipped  by 
boat  on  the  Erie  canal.  Thirty  boat  loads,  or  5000  tons  of  this 
clay  and  8000  tons  of  the  Chili  clay,  it  is  stated,  were  used  last 
year. 

The  process  of  manufacture  of  sewer  pipe  is  as  follows.  The 
claj^  roughly  proportioned  by  wheelbarrowfuls,  is  dumped  into 
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combination  wet  pans,  where  it  is  ground,  mixed  and  tempered* 
The  apparatus  consists  of  two  large  rotary  crushers  or  mullerB, 
which,  turning,  rotate  a  large  pan  beneath  them,  -the  material 
being  crushed  against  the  bottom.  This  is  then  shoveled  out  on 
a  horizontal  belt  conveyor,  which  dumps  it  into  a  pocket,  from 
which  it  is  conveyed  by  a  belt  elevator  to  the  top  of  the  build- 
ing; from  there  it  is  dropped  on  other  belts,  by  means  of  which 
it  is  carried  to  the  presses.  These  presses  consist  of  two  cylin- 
ders of  different  sizes,  the  larger,  or  upper,  being  a  steam  cylin- 
der which  drives  a  piston  and  disk  down  into  the  smaller  one 
beneath,  into  which  clay  is  fed.  By  this  pressure,  the  clay  is 
forced  down  through  dies  and  comes  out  as  green  tile.  It  is 
said  that  a  pressure  of  117  pounds  to  the  square  inch  is  exerted 
on  the  42  inch  steam  head  of  the  press,  which,  transmitted  to 
the  20  inch  clay  head,  gives  a  resulting  pressure  on  the  latter 
of  nearly  30  tons  a  square  inch,  and  insures  a  close  bodied  pro- 
duct. In  one  press  any  sized  pipe  can  be  made  by  changing  the 
dies.  The  sizes  made  range  from  3  to  30  inches,  the  30  inch 
being  rarely  made.  After  leaving  the  press  the  pipes  are  con- 
veyed to  the  drying  room  and  set  on  slat  floors,  underlain  by 
steam  pipes,  to  air-dry.  When  the  clay  leaves  the  press,  it  is 
in  a  comparatively  soft  state  and  is  allowed  to  stiffen  till  of  the 
proper  temper,  after  which  the  pipes  are  turned  and  trimmed  and, 
when  necessary,  are  rounded  by  putting  a  circle  inside  and 
"drawing  them  back."  The  junction  work,  or  putting  in  Y  and 
T  branches,  is  all  hand  -work  and  is  done  the  same  day  that  the 
pipe  leaves  the  press,  as  it  is  then  at  the  proper  temper.  The 
time  required  for  drying  varies  according  to  the  size  of  the  pipe. 
For  the  24  inch,  three  weeks  are  needed.  After  being  com- 
pletely dried,  they  are  put  in  kilns  and  burned.  In  the  kilns 
the  pipes  afe  "nested,"  that  is,  the  smaller  set  within  the 
larger  to  economize  space,  but  not  too  close,  as  it  would  inter- 
fere with  the  glazing.  When  the  ware  shows  a  sufficient 
amount  of  burning,  salt  is  thrown  on  the  fire,  when  a  fusion  of 
the  surface  of  the  pipes  takes  place,  which  constitutes  salt 
glazing.  The  larger  pipes  require  six  nights  and  five  days,  or 
182  hoars  of  continnonB  boming,  ealled  a  six  day  run.    Approxi- 
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mately  the  same  time  is  required  for  cooling  as  for  burning. 
When  a  kiln  is  cooled,  the  pipes  are  wheeled  into  an  open  yard. 

The  company  has  10  square  down-draft  kilns.  Soft  coal  is 
used,  about  100  tons  being  consumed  in  a  week  under  the  boilers 
and  in  the  kilns. 

Sixty  men  are  employed  the  year  through.  Last  year  the  fac- 
tory was  run  for  49  weeks,  three  weeks  being  lost  owing  to  the 
lack  ef  coal,  due  to  delay  of  traffic,  from  the  heavy  snows  and 
thaws. 

The  output  for  the  last  year  was  about  600  carloads,  seven 
kilns,  holding  two  carloads  each,  being  burnt  each  week. 
Twenty  per  cent  of  this  is  consumed  locally. 

The  Standard  Sewer  Pipe  Co.,  on  Lexington  avenue,  office,  8 
Caledonia  avenue,  uses  clay  obtained  mainly  from  two  beds  in 
Chili,  one^^^  just  west  of  the  Maplewood  brickyard,  the  other 
V/2  miles  farther  south  and  just  beyond  Black  creek(^>.  Both 
beds  are  connected  by  sidings  with  the  Butfalo,  Rochester  & 
Pittsburg  Railroad,  which  runs  past  the  works.  The  bed  at 
Maplewood  is  a  red  clay  about  3  feet  deep,  underlain  by  an 
argillaceous  gravel;  the  other  is  a  light  colored  clay  about  4 
feet  deep  and  underlain  by  quicksand.  The  clay  is  dug  up  with 
spades.  The  company  also  uses  the  New  Jersey  fire  clay.  The 
process  of  manufacture  is  the  same  as  that  of  the  Rochester 
Sewer  Pipe  Co.  This  company  has  five  square  and  four  round, 
down-draft  kilns,  with  six  to  eight  fireplaces  each,  some  fired 
on  grates,  others  on  the  floors.  The  fires  are  separated  from 
the  contents  of  the  kiln  by  fire  walls. 

This  year  the  company  has  been  mainly  making  conduit  pipes 

and  has  a  double  conduit  press,  or  one  feeding  two  dies,  one  on 

each  side.     Six  hundred  carloads  of  material  have  been  put  out 

during  the  past  fiscal  year.    Local  trade  takes  about  one  tenth 

of  the  output. 

Lime  industry 

In  Monroe  county  there  are  at  present  but  three  limekilns 
burning :  one^^^  in  the  southern  part  of  Rochester  on  the  comer  of 
Jefferson  avenue  and  Cottage  street ;  one^^^  about  3  miles  west  of 
Rochester  in  the  town  of  Gates,  J  mile  north  of  the  Buffalo  road ; 
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and  ane^3>  in  the  town  of  Brighton,  about  a  mile  east  of  the  tU- 
la^,  on  the  south  side  of  the  Brighton-Pittsford  highway. 

The  one  in  Rochester  is  owned  by  Lamson  &  Leason,  who  woA 
it  themselves  under  the  name  of  Hurd  Lime  Kiln  Co.  They  have 
a  single  cent^-draft  kiln,  with  four  fireplaces,  two  on  a  side. 
The  kiln,  with  a  capacity  of  600  or  700  bushels,  is  filled  from  a 
bucket  raised  by  steam.  Soft  coal  is  used  in  burning.  The  rock 
is  obtained  from  J.  B.  Nellis  who  quarries  it  a  little  farther  west 
on  Cottage  street  from  a  level  which  is  but  a  few  feet  below  the 
zone  of  silicious  concretions  carrying  the  Guelph  fauna.  It  is 
mainly  made  up  of  drifted  bryozoan  fragments. 

The  amount  of  stone  used  during  the  last  year  was  429  loads, 
or  about  107  cords.  A  cord  of  Lockport, dolomite  weighs,  ac- 
cording to  Lauer  &  Hagaman,  14,000  pounds.  Mr  Lamson  says 
that  two  pounds  of  stone  when  burned  make  one  pound  of  lime. 
Prom  this  it  is  estimated  that  the  output  of  lime  was  about 
10,700  bushels  (70  pounds  to  the  bushel).  Besides  selling  quiok- 
lime  in  the  ordinary  commercial  form,  the  company  grinds  part 
of  it  with  millstones,  for  use  in  the  glass  works  of  F.  E.  Reed,  380 
Plymouth  avenue.  Three  loads  of  about  37  to  38  hundredweight 
each  are  used  in  a  week. 

The  two  remaining  kilns  burning  belong  to  the  Rochester  Lime 
Co.  of  209  West  avenue,  Rochester.  The  principal  proprietor  is 
Mr  F.  C.  Lauer,  of  Portland  avenue.  The  kiln  in  Brighton  is 
known  as  the  May  kiln  and  is  in  charge  of  Charles  Rambert. 
That  in  Gates  is  known  as  the  Snow  kiln,  and  is  in  charge  of 
R.  Wakelee.  At  each  of  these  factories  there  are  two  kilns,  each 
having  four  fireplaces,  two  on  opposite  sides,  and  a  central  draft 
Their  capacity  varies  from  300  to  500  bushels.  Wood  and  coal 
are  used  in  burning.  The  stone  is  drawn  in  cars,  by  steam  power^ 
up  an  inclined  track  to  the  top  of  the  kiln.  When  first  started, 
the  kiln  runs  from  16  to  24  hours  before  the  first  draw  of  lime  can 
be  made.  It  can  th^n  be  filled  at  the  top  as  fast  as  the  lime  is 
*5rawn  from  beneath.  Ten  to  12  men  are  employed  at  the  Snow 
kiln  and  8  to  10  at  the  May  kiln.  This,  of  course,  does  not 
include  help  drawing  in  lime  or  distributing  it.  During  the  last 
year  160,000  buaheb  were  sold  at  25  cents  a  buftheL  A  oonflider- 
able  part  of  the  lime  is  shipped  oat  of  town. 
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The  level  from  which  the  rock  is  obtained  at  the  May  kiln  is 
about  12  feet  below  the  level  of  the  silicious  concretions;  that  at 
the  Snow  kiln  probably  a  few  feet  lower. 

Cement  industry 

The  Iroquois  Portland  Cement  Co.,  with  headquarters  at  Cleve- 
land O.,  has  erected  an  extensive  plant  1  mile  eaat  of  Caledonia, 
Livingston  co.,  and  l^  mile  south  of  the  Monroe  county  line  and 
has  been  ojierating  during  the  latter  half  of  the  year. 

The  plant  is  equipped  on  the  most  modern  plan,- having  labor- 
ator}',  engine  house,  machine  shop,  storehouse  for  raw  material 
and  mill,  all  in  separate  fireproof  buildings. 

In  the  mill  are  vAsiy  and  marl  shed,  drying  room,  room  for  grind- 
ing the  raw  product,  burning  room,  room  for  grinding  the  burnt 
product  and  storage  and  packing  room.  The  equipment  of  these 
is  as  follows :  two  rotary  kilns,  30  by  50  feet,  for  drying  marl  and 
clay;  two  tube  mills  for  raw  grinding;  2  rotary  kilns,  60  by  6  feet, 
for  burning ;  and  two  tube  mills  and  one  Williams  mill  for  grind- 
ing an/i  refining.  The  works  are  run  by  electricity,  the  power 
plant  consisting  of  three  250  horse  power  boilers  and  two  250 
horse  power  engines,  tandem  compound,  directly  connected  with 
two  200  kilowatt  alternating  current  generators,  by  which  power 
is  distributed  to  all  parts  of  the  plant  where  it  is  to  be  used. 
Alternating  motors,  inclosed  in  dust-proof  cases,  are  used. 

The  marl  deposit  of  the  company  begins  just  east  of  the  plant 
and  extends  in  an  easterly  direction  along  both  sides  of  the 
tracks  of  the  New  York  Central  &  Hudson  River  Railroad  and 
Lehigh  Valley  Railway  for  a  distance  of  about  2  miles.  It  lies 
in  a  narrow  valley  80  feet  above  the  Genesee,  inclosed  by  hills  of 
gravel,  25  to  100  feet  high,  and  drained  by  Dugan  creek,  a  small 
stream.  The  deposit  covers  an  area  of  400  acres  and  runs  from 
5  to  15  feet  in  depth,  averaging  7.  It  is  a  very  pure,  cream- 
colored  calcium  carbonate,  which  appears  to  have  been  formed 
by  precipitation  or  incrustation  on  vegetation  in  this  swamplike 
area.  It  is  usually  very  fine  grained,  but  in  some  portions  it  is 
said  to  carry  layers,  from  a  few  inches  to  several  feet  in 
thickness,  of  grit  or  coarse  travertine.  This  however  is  usually 
fine  enough  to  go  directly  to  the  mill  without  grinding.    In  some 
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places,  at  the  bottom  of  the  deposit,  there  is  a  mixture  of  marl 
and  moss,  at  others  there  are  intercalated  layers  of  muck  ranging 
from  a  few  inches  to  4  feet  in  thickness. 

Owing  to  the  fact  that  there  is  very  little  vegetable  mold  at 
the  top,  and  that  all  the  organic  matter  burns  out,  there  is  no 
need  of  stripping.  In  the  marl  are  large  numbers  of  the  shells 
of  fresh-water  snails,  common  in  the  region,  while  bones  and 
deer  horns  are  frequently  found.  In  this  connection  it  is  in- 
teresting to  note  the  uncovering  at  a  depth  of  alxout  7  feet  of  a 
tree  which  showed  evidences  of  fire. 

The  material  is  excavated  by  means  of  a  steam  dredge  and 
loaded  into  trolley  cars,  which  convey  it  up  an  inclined  track 
to  the  works. 

The  company  has  70  acres  of  clay  on  the  flood  plain  of  the 
Genesee,  at  Canawaugus.  The  clay  is  very  homogeneous  and  of 
bluish  colorj  running  about  12  feet  in  dc^pth.  It  is  spaded  into 
cars  and  shipped  by  the  Erie  Eailroad  to  the  works. 

The  clay  and  marl  are  both  stored  till  perfectly  air-dried. 
From  the  storage  bins,  the  raw  material  is  thrown  into  hoppers, 
which  lead  into  comminuters  of  the  coffee  mill  types  from  which 
it  is  taken  by  a  bucket  conveyor  to  rotary  drying  kilns,  through 
which  the  heated  gases  from  the  calcining  kilns  are  conducted, 
the  temperature  being  about  1700°  Fahrenluat.  Th(»  time  con- 
sumed in  drying  a  given  quantity  of  clay  or  marl  is  about  20 
minutes.  The  clay  and  marl  are  then  conveyed  by  bucket 
elevators  to  separate  storage  bins  from  which  they  are  admitted 
to  hopperlike  scales  and  proportioned  for  mixing.  From  here 
they  are  conveyed  to  a  tube  mill  and  ground,  and  then  to  storage 
bins.  The  mixture  is  next  introduced  into  the  upper  end  of  the 
large,  nearly  horizontal,  rotary  kilns.  The  material  is  gradually 
worked  down  through  these  inclined  tubes  by  rotation,  and  in 
about  an  hour  falls  into  cooling  bins  in  the  form  of  clinkers.  The 
cooled  clinker  is  conveyed  to  ball  mills  and  ground,  then  pulver- 
ized in  a  tube  mill.  This  material  is  then  carried  to  the  storage 
room,  where  it  is  prepared  for  shipping. 

The  kilns  are  fueled  by  blowing  into  them  pulverized  coal 
and  are  heated  to  a  temperature  of  about  3000°  to  3900°  Fahren- 
heit.   The  capacity  of  the  mill  is  450  barrels  of  cement  a  day. 
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AVERAGE    ANALYSES    OF    THE    CLAY    AND    MARL,    IROQUOIS    PORTLAND 

Lime  (CaO) 
Silica  (S1O2) 
Alumina  (AljOg) 
Iron  Oxid  (Fefi^) 
Magnesia  (MgO) 
Sulfuric  anhydrid  (SO3) 

Sand  and  gravel  industry 

The  sand  and  gravel  supplies  of  Rochester  are  secured  from 
two  main  sources,  the  Pinnacle  hills,  which  border  the  southern 
and  southeastern  side  of  the  city,  and  the  Ridge.  Sand  is  also 
obtained  in  small  amounts  from  a  thin  mantle  strewn  over  the 
intermediate  territory  in  the  village  of  Brighton.  Some  is 
brought  on  the  Erie  canal  from  Bushnell's  Basin.  The  greater 
part  comes  from  the  pits  in  the  Pinnacle  hills.  Of  these,  the  one 
near  the  Eastern  Wide-waters,  just  beyond  the  city  limits,  in 
the  town  of  Brighton,  and  known  as  Cobb's  hill  sandpit,  is 
worked  the  most  eltensively.  It  is  owned  by  William  Cobb 
and  leased  and  worked  Ity  Thomas  Lynn,  of  Alliance  avenue. 
More  business  is  done  at  this  pit  than  at  all  the  others  about 
Rochester  combined.  The  output  for  the  fiscal  year  just  closed 
could  not  be  ascertained  exactly  but  was  approximately  30,000 
yards  of  sand  and  gravel.  Of  this,  3000  yards  were  used  for 
repairing  the  towpath  of  the  Erie  canal.  This  pit  affords  the 
sharpest  sand  and  also  the  greatest  variety,  ranging  from  the 
finest  molding  sand  through  brick,  paving,  plaster,  coarsest 
core,  to  stone  sand,  and  yields  an  excellent  gravel  for  concrete. 

The  various  grades  of  material  found  here  are  arranged 
in  such  a  way  as  to  exhibit  all  the  features  of  cross  bedding, 
oblique  layering,  high  inclination  of  beds  and  rapid  changes 
from  one  material  to  another,  which  would  be  expected 
in  sections  of  deposits  formed  where  a  swiftly  flowing  stream 
debouched  into  deep  standing  water.  It  is  probable  that  the 
succession  of  peaks  or  hills  which  msike  up  this  range  mark  the 
points  of  debouchv/re  of  streams  which  drained  the  ice  sheet  and 
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dropped  their  burden  at  the  edge  of  the  glacial  lake.  Many  of 
these  peaks  may  have  been  formed  by  the  shifting  of  but  a  single 
stream.  The  range  is  marked  by  kettlelike  depressions  which  are 
commonly  known  as  kettle  holes,  usually  supposed  to  have  been 
formed  by  the  melting  away  of  large  bodies  of  ice  buried  in  the 
earthy  mass.  The  material  in  the  range,  though  irregularly  difr 
tributed,  exhibits  a  tendency,  in  most  cases,  to  become  finer  on 
the  lakeward  side,  in  the  general  direction  of  dip.  The  section 
made  by  the  Cobb's  hill  pit  is  upward  of  100  feet  at  the  back  and 
affords  a  good  opportunity  to  study  the  character  of  the  range  on 
the  iceward  or  northern  side.  A  succession  of  step-faults  shown 
here  may  be  mentioned  as  a  usual  feature  in  pits  in  the  north 
side  of  the  range.  These  faults  are  due^  it  has  been  supposed,  to 
the  settling  of  the  mass  on  the  removal  of  the  ice  support  from 
that  side. 

J.  Y.  McClintock,  commissioner  of  public  works,  says  the 
amount  of  sand  and  gravel  removed  from  the  Cobb's  hill  pit  is 
about  360,000  cubic  yards  all  told.  As  this  has  been  taken  away 
since  1891,  it  will  serve  as  a  means  of  determining  roughly  what 
the  output  has  been  each  year. 

Mr  Barnard  states  that  a  little  over  4000  yards  from  this  pit 
were  used  on  the  Erie  canal  towpath  last  year. 

The  sandpit  next  in  quality  of  material  is  that  of  J.  S.  Shee- 
han,  located  %  of  a  mile  south  of  the  Erie  canal  in  the  village 
of  Brighton,  at  the  end  of  the  range  and  about  a  mile  from  the 
above  pit.  Mr.  Sheehan  has  also  a  large  gravel-pit  just  west  of 
his  sandpit.  The  output  from  these  pits  for  the  year  was  7000 
cnbio  yards. 

Michael  D.  Sheehan  has  a  small  sandpit  adjoining  the  above 
mentioned  sandpit  on  the  north. 

This  year  Mr  J.  Schrader  has  developed  a  pit  on  Highland 
avenue  l^  mile  southwest  of  Monroe  avenue  on  the  southeastern 
side  of  the  Pinnacle  range.  At  the  present  stage  of  excavation, 
there  is  a  good  road  gravel  in  the  upper  portion  and  a  fine  brick 
Band  in  the  lower.  The  output  for  the  last  year  was  about  800 
•  cubic  yards,  most  of  the  material  being  used  for  roads  in  Brigh- 
ton and  Henrietta  townships.    This  coming  year,  Mr  Schrader 
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expects  to  open  the  bank  at  a  second  point  just  north  of  the 
present  site,  to  facilitate  loading. 

Casper  Schwalbach,  of  271  Averill  avenue,  owns  what  ia 
known  as  the  Pinnacle  pit,  located  on  the  south  side  of  the 
Pinnacle  hill,  just  east  of  South  Clinton  street.  This  pit,  before 
the  opening  of  Cobb's  hill  pit,  was  the  main  source  of  supply 
and  is  said  to  have  furnished  as  high  as  135  loads  a  day  during 
the  busy  season.  A  great  variety  of  good  sand  is  to  be  had 
here.  At  the  back  this  excavation  is  upward  of  100  feet  high. 
It  is  worked  on  shares  by  John  Schwalbach.  Mr  Schwalbach 
has  another  pit  on  South  Clinton  street  on  the  northern  side  of 
the  range,  which  is  worked  on  shares  by  Frank  Schwalbach.  The 
total  output  of  Mr  Schwalbach's  pits  for  the  past  year  was  7137 
loads,  400  of  which  were  used  for  road  repairs  in  Henrietta. 
The  material  is  mainly  used  for  sidewalks  and  street  improve- 
ment. 

On  the  Ellwanger  and  Barry  tract,  off  from  Kockingham  street 
and  a  little  way  from  Meigs  street,  is  a  pit  worked  on  shares  by 
Melvin  A.  Clark,  of  413  Mt  Vernon  avenue.  The  material  ranges 
from  coarse  molding  sand  to  gravel,  the  latter  being  the  most 
abundant.  The  total  output  for  1902  was  5193  loads,  a  large 
part  of  which  was  drawn  to  the  town  of  Henrietta  for  roads. 

In  the  continuation  of  the  Pinnacle  range  west  of  the  Genesee 
are  several  pits.  One  on  the  Thurston  road  in  the  town  of  Gates 
is  owTied  b}'  Mrs  L.  Cornelia  Smith.  It  affords  a  good  quality 
of  brick  sand.  Part  of  the  output  is  used  by  Whitmore,  Rauber 
&  Vicinus  in  their  asphalt  works  located  at  the  Western  Wide- 
waters.  One  fourth  of  a  mile  northwest  in  the  town  of  Gates, 
at  the  junction  of  the  Hinchey  and  Chili  roads,  and  14  ^f  ^  n^il® 
west  of  the  Buffalo,  Rochester  &  Pittsburg  Railroad,  is  Haag 
Bros.'  pit,  worked  by  Jacob  Haag  and  son.  The  output  for  the 
last  year  was  about  700  yards.  The  Lincoln  Park  pit  is  located 
on  the  Kellogg  land  tract  on  the  Field  road,  between  the  main  line 
and  a  branch  of  the  Buffalo,  Rochester  &  Pittsburg  Railroad. 
It  is  owned  by  Mr  Thomas  A.  Smyth  and  is  run  under  the  busi- 
ness name  of  Lincoln  Park  Sand  Co.,  office  411  Beckley  building. 
The  output  of  this  bank  is  brick  and  plaster  sand,  of  which  1811 
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cubic  yards  were  sold  during  the  past  year.  Sand  is  being 
drawn  from  a  newly  opened  pit  just  west  of  the  above,  across 
the  branch  of  the  Buffalo,  Rochester  &  Pittsburg  Railroad.  The 
Pfaudler  Vacuum  Fermentation  Co.  owns  and  works  it  for  its 
own  purposes.  About  2000  loads  were  used  in  the  construction 
of  its  extensive  plant  during  the  past  year.  This  completes  the 
list  of  pits  in  the  Pinnacle  range  supplying  Rochester. 

The  Ridge  road  pits,  with  one  exception,  are. all  east  of  the 
Genesee.  This  exception  is  the  pit  owned  by  J.  A.  Rainesford,  and 
located  in  the  town  of  Greece  on  the  north  side  of  the  Ridge  road, 
just  west  of  the  Lincoln  Park  branch  of  the  Buffalo,  Rochester  & 
Pittsburg  Railroad.  It  furnishes  a  good  quality  of  brick  sand. 
Mr  Rainesford  sold  300  cubic  yards  last  year.  The  first  pit  east 
of  the  Genesee  is  owned  by  Mrs  George  Huntingdon  and  Mrs  F.  E. 
Elder,  of  Rochester,  and  is  known  as  the  Gilbert  pit.  It  is 
located  just  south  of  the  Ridge  road  and  east  of  Hudson  street. 
The  output  was  3500  yards.  David  Heffer  has  a  pit  just 
west  of  Portland  avenue  and  on  the  same  side  of  the  Ridge.^  The 
material  of  this  pit  is  largely  a  clean  gravel,  portions  of  it  being 
of  a  size  suitable  for  roofing  gravel.  For  this  purpose  it  is  sold 
in  hundred  pound  bags  at  8  cents  a  hundredweight.  There  are 
some  veins  of  good  brick  sand.  In  the  upper  portion  is  a  regular 
beach'  sand  mixed  with  flat  waterworn  stones.  It  is  more  or 
less  limonitic.  These  pits  are  all  on  the  landward  side,  and  the 
southern  portions  take  in  the  finer  sands  of  the  lagoon  area. 
This  completes  the  number  of  Ridge  road  pits  supplying 
Rochester. 

The  sandpits  in  Brighton  village  between  the  Ridge  road  and 
the  Pinnacle  range  are  worked  for  foundry  sand.  The  sand  is 
very  fine  and  somewhat  limonitic.  Three  pits  affording  a  lim- 
itefd  supply  of  material  have  been  opened  on  the  Blossom  road 
just  west  of.  Arbutus  avenue.  The  sand  runs  in  thickness  at 
these  pits  from  nothing  to  2  or  3  feet,  being  mei'ely  a  light 
mantle  deposited  in  a  sheet  of  glacial  water.  The  owners  are 
William  H.  Jones,  Mahlon  Phillips  and  Henry  DeFloe, 

*  The  output  from  this  pit  for  the  last  year  was  1000  yards.  At  the  eastern 
end  tiie  upper  portion  of  the  bank  is  a  sand  dune.  Otto  Moeschler  has  a  pit  on 
the  east  side  of  Portland  avenue  and  on  the  same  edde  of  the  Ridge. 
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Lauer  &  Hagaman  bring  sand  to  the  city,  by  way  of  the  Erie 
canal,  from  Bushnell's  Bosin,  a  distance  of  12  miles  to  the  east. 
Last  year  3500  yards  were  used  by  them  in  making  concrete 
foundations  for  streets. 

Within  the  county  are  many  other  gravel  and  sand  pits  but 
most  of  them  are  of  comparatively  little  importance,  being 
merely  worked  for  the  local  supply,  and  most  of  them  for  road 
metal.  There  are  however  a  few  quite  extensively  developed. 
One  of  these  is  the  gravel-pit  of  the  Buffalo,  Rochester  &  Pitts- 
burg Railroad,  at  Scottsville.  There  are  some  veins  of  sand 
which,  when  used  for  masonry  purposes,  has  to  be  screened. 
The  bulk  of  the  material  is  used  for  ballast  on  the  railroad,  and 
most  of  the  remainder  for  bridge  construction.  The  amount 
used  during  the  past  year  was  40,201  yards  of  gravel  and  2200 
yards  of  sand.  A  large  sandpit  1  mile  west  of  Despatch  village, 
on  the  main  line  of  the  New  York  Central  Railroad,  is  used  by 
this  road  for  engine  sand.  No  record  of  exact  amounts  was 
kept. 

Throughout  the  county  the  regulation  price  for  sand  and 
gravel  is  20  cents  a  yard,  though  in  winter,  at  some  of  the  pits 
about  Rochester,  ovnng  to  the  difficulty  of  keeping  them  open, 
the  price  is  30  cents. 

The  pits  of  less  importance  are  included  in  the  following 
directory  to  the  sand  and  gravel  pits  of  Monroe  county. 

Sand  and  gravel  pits  of  Monroe  county 

1  Charles  Brush  estate.     Sand;  Hamlin;  postoffice  Morton. 

2  Schwartz,  F.     Gravel;  Hamlin;  postoflfice  East  Hamlin. 

3  Burret,  Charles.     Gravel  and  sand;  Clarkson;  postoffice  Clarkson. 

4  Crary,  Mrs  Mary  C.     Mixture  for  roads;  Clarkson;  postoffice  Clarkson. 

5  Smith,  George  L.     Sand  and  gravel;  Sweden;  postoffice  Brockport. 

6  Terry,  Frank.     Sand  and  gravel  on  Henry  Root  place;  Sweden;  postoffice 

Brockport. 

7  Schroeder,  John.     Gravel  and  sand;  Brighton;  postoffice  Brighton. 

8  Corporation  pit  of  Brockport.     Sand  and  gravel;  Sweden. 

9  Hinnan,  A.     Both  sand  and  gravel;  Sweden;  postoffice  Brockport. 

10  Shafer,  C.  E.     Worked  by  John  Meeskill;  sand  and  gravel;  Sweden;  post- 

office  Brockport. 

11  Crippen,  Dean.     Gravel;  Sweden;  postoffice  Brockport. 

12  DeFrees,  Charles.     Gravel  from  lake  shore;  Parma;  postoffice  Hilton. 

13  Ferguson,  Ervy.     Gravel  from  lake  shore;  Parma;  postoffice  Hilton. 
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14  Dickenson,  Xdward.     Gravel  from  lake  shore;  Parma;  postoffice  Hilton. 

15  Hall,  Peter.     Gravel;  lake  shore;  Parma;  postoffice  Hilton. 

16  Haslip,  Robert.     Gravel;  lake  shore;  Parma;  postoffice  Hilton. 

17  Vandom,  Adelbert.     Gravel;  Parma;  postoffice  Hilton. 

18  Ooiman,  Henry.     Bank  farm;  gravel;  Parma;  postoffice  Hilton. 

19  Burritt,  D.  C.     Gravel  and  sand;  Parma;  postoffice  Hilton. 

20  Williams,  i>r.     "Vanzie   farm";  worked   by  a  tenant;  gravel;   Parma; 

postoffice  Hilton. 

21  Bacon,  William.     Gravel;  Parma;  postoffice  Parma  Center. 

22  Peckham,  William  F.     Mainly  gravel  and  sand;  (sells  more  than  anybody 

else  in  the  south  part  of  the  town):  Parma;  postoffice  Parma  Comers. 

23  Coe,  Mrs  Anna.     Place  occupied  by  Mrs  Martha  Wellman;  gravel    and 

sand;  Parma;  postoffice  Parm^  Corners. 

24  Bausch,  Matthew.     Gravel  and  sand;  Parma;  postoffice  Parma  Comers. 

25  Hazen,  George.     Sand  and  gravel;   Parma;  on  Pease  road;   postoffice 

Spencerport. 

26  Meeskill,  Edward.     Sand  and  gravel;    Parma;  postoffice  Spencerport. 

27  BeBoller,  Amos.    Gravel;  Parma;  postoffice  Spencerport. 

28  ITdell,  Dr  P.  O.     Fine  40  foot  bank  sand  and  gravel;  Ogden;  \  mile  west 

of  Spencerport;  postoffice  Spencerport. 

29  Boss,  William.     Gravel;  Ogden;  postoffice  Spencerport. 

30  Graves,  Byron  J.     Gravel;  extensive  pit;  Ogden;  postoffice  Parma. 

31  New,  Henry.     Fine  sand  drawn  to  Chili;  Ogden;  south  of  Adams  Basin 

on  Washington  st.;  postoffice  Ogden. 

32  Bog^rs,  Joseph.     Sand  and  gravel;  Ogden;  postoffice  Spencerport. 

33  Baan,  Horace.     Gravel;  Ogden;  postoffice  Spencerport. 

34  Brewer,  Els  worth.     Gravel;  Ogden;  postoffice  Spencerport. 

35  Bogers,  Joseph.     Good  gravel;  Ogden;  postoffice  Spencerport. 

36  French,  George.    Sand  and  gravel;  Ogden;  east  edge  of  town;  postoffice 

Spencerport. 

37  Bogardns,  George.     Gravel;  Riga;  postoffice  ChurchviUe. 

38  Squire,  Alexander  Petrie.    Gravel;  Riga;  postoffice  Riga. 

39  Minzie,  Peter  J.     Gravel;  Riga;  postoffice  Riga. 

40  Keenan,  John.     Gravel;  Riga;  4  miles  from  ChurchviUe;  postoffice  Riga. 

41  McVean,  Cameron.     Gravel;  Wheatland;  1   mile  west  from  Wheatland 

Center;  postoffice  Wheatland. 

42  Garbutt,  William  D.     Extra  good  gravel;  Wheatland;  1  mile  north  of 

Wheatland  Center;  postoffice  Wheatland. 

43  Kingsbury,  Frank.     Sand  and  gravel;  Wheatland;  postoffice  Wheatland 

Center;  Albert  Mudge,  Rochester  N.  Y.;  combined  pit;  sand  supplied  to 
the  Diamond  Wall  Cement  Co.,  Garbutt. 

44  Gatenby,  John.     Gravel;  Wheatland;  postoffice  Wheatland  Center. 

45  Greenleaf,  Col,  Halbert  S.     Worked  by  William  Dean;  Greece;  postoffice 

Charlotte. 
46^0ashbum,  George.'    Gravel;  Greece;  south  side  of  Ridge  road;  postoffice 
Barnard. 

47  Harris,  Bichard.     Gravel;  Greece;  Ridge  road;  postoffice  Barnard. 

48  Benning,  H.  C.     Gravel;  Greece;  postoffice  South  Greece* 
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49  Reinhardt,  Valentine.     Gravel;  Greece;  Big  Ridge;  postoffice  Barnard. 

50  Buckley,  Keron.     Gravel;  Greece;  near  Mount  Read;  J  mile  south  on 

west  side  of  road;  postoffice  Barnard. 
61  Truesdale,  Warren.       Gravel;    not    worked    much;    Greece;    postoffice 
Barnard. 

52  McDowell,  Benjamin.     Gravel;  Gates;  postoffice  Gatea 

53  McCarn,  Samuel  0.     Sand  and  gravel;  mostly  used  for  roads;  Gates; 

postoffice  Spencerport. 

54  Gutherlet,  George.     On  Mrs  John  Miller's  farm:  sand  and  gravel;  Gates; 

postoffice  Gates. 

55  Amish,  Aug^uet.     Sand;  Gates;  postoffice  Gates. 

56  Rose,  Henry.     Sand  for  macadamized  road  this   year;  Gates;   Bufifalo 

road  north  of  Cold  water;  postoffice  Coldwater. 

57  Haag,  Jacob.     Sand  and  gravel;  Gates;  postoffice  Gates. 

58  Lincoln  Park  Sand  Co.     Brick  and  plastering  sand;  Gates;  411  Beckley 

building,  Rochester  N.  Y. 

59  Smith,  Mrs  L.  0.     Brick  sand;  Gates;  postoffice  Lincoln  Park. 

60  Blimb,  Jacob.     Gravel;  Chili;  postoffice  Chili. 

61  Pit,  Gilbert.     Sand  and  gravel;  Irondequoit;  address  Mrs  George  Hunt- 

ington, li  Delevan  st.,  Rochester  N.  Y. 

62  HefFer,  David.     Sand;  Irondequoit;  postoffice  Irondequoit. 

63  Moeschler,  Otto.     Irondequoit;  postoffice  Irondequoit. 

64  Clarke,  Melvin  A.     Sand  and  gravel;  Rochester;  413   Mt   Vernon   st., 

Rochester 
65-66  Schwalbach,  Caspar.     Sand  and   gravel;  Brighton;  271  Averill   av. 
Rochester. 

67  Lynn,   Thomas.      Sand  and   gravel;   Brighton;    address,  Atkinson  av. 

Rochester. 

68  Sheehan,  J.  S.     Sand  and  gravel;  Brighton;  postoffice  Brighton. 

69  Sheehan,  M.  D.     Sand;  Brighton;  postoffice  Brighton. 

70  Jones,  William  H.     Molding  sand;  Brighton;  postoffice  Brighton. 

71  Phillips,  Mahlon.     Molding  sand;  Brighton;  postoffice  Brighton. 

72  De Floe,  Henry.     Molding  sand;  Brighton;  postoffice  Brighton. 

73  Kaiser,  Franz  Joseph.     Gravel;  Henrietta;  postoffice  West  Henrietta. 

74  Bushman,  Ivan.     Gravel;  Henrietta;  postoffice  West  Henrietta. 

75  Search,  Charles.     Gravel  not  well  assorted;  Henrietta;  postoffice  West 

Henrietta. 

76  Ginegaw,  Charles.     Sand  and  gravel;  Henrietta;  postoffice  Henrietta. 

77  Shaw,  George.     Gravel;  Henrietta;  postoffice  Rush. 

78  Pedley,  William.     Gravel;  Ruslk;  postoffice  West  Rush. 

79  Clapp,  Edwin  P.     Gravel;  Rush;  postoffice  North  Rush. 
80 Sand  and  gravel;  Rush;  postoffice  North  Rush. 

81  Dell,  Gus.     Gravel;  Rush;  postoffice  North  Rush. 

82  Fishell,  Benjamin.     Gravel;   northeast   portion  of   Rush  township,   up 

Creek  road  from  Rush. 

83  Moran,  Thomas.    Mendon;  IJ  miles  nofthwest  of  Honeoye  Falls;  Sibley- 

ville;  post-office  Honeoye  Falls. 

84  Mahar,  Patrick.    Gravel;  Mendon;  west  of  Mendon  near  Mendon  Center 

postoffice  Rochester  Junction. 
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85  Toby,  Reuben.     Gravel;  Mendon;  postoffice  Rochester  Junction. 

86  Monk,  William      Gravel;  Mendon;  1  mile   northeast  of    Honeoye   Falls; 

postoffice  Honeoye  Falls. 

87  Maxfield,   Herbert  A.      Sand  and  gravel;   Mendon;  postoffice  Rochester 

Junction. 

88  Hopkins,  Robert  M.     Pittsford;  postoffice  West  Henrietta. 

89  Douglass,  John  A.     Road  metal ;  Mendon ;  near  Mendon  Pond  postoffice ; 

2  Portland  av.  Rochester. 

90  Falkner,  Daniel.      Pittsford;  postoffice  Pittsford. 

91  Harter,  John  V.      Gravel  used  on  roads;  Pittsford  3  miles  south  of  Pitts- 

ford; postoffice  Pittsford. 

92  Toby,  M.  P.     Coarse  gravel;  Pittsford;  postoffice  Pittsford. 

93  Corporation  gravel  pit.      Coarse    gravel;   Pittsford,   on   Mendon   road; 

postoffice  Pittsford. 

94  Schweney,  John.     Coarse  gtavel;  Pittsford,  1  mile  south  of  Cartersville ; 

postoffice  Pittsford. 

95  Lauer  &  Hagaman.     Plastering    s;ind;  Pittsford  near  Bushnell's   Basin; 

postoffice  458  Clinton  av.  South,  Rochester. 

96  Robins,  Henry  S.     Plastering  sand;  Pittsford;  1  mile  from    Cartersville; 

postoffice  Pittsford. 

97  Austin,  Chester.     Plastering  sand;   Pittsford  1  mile  east  of  Cartersville 

and  just  south  of  Palmyra  road;   postoffice  Pittsford. 

98  Sand  bank.  New  York  Central  R.  R.,  Pittsford,  used  for  enguie  sand. 

99  Cullen,  Mrs  Katharine.     Used  on  R.  tfc  E.  Rapid  Transit  railway  for  bal- 

list  and  in  concrete   bridge  foundations;  Pittsford;  postoffice  Pittsford.- 

100  Hunt,  Stephen.     Gravel;  Perinton,  2  miles  from  Egypt;  postoffice  Egypt- 

101  Long,  William  P.     Sand  and  gravel;  Perinton;  postoffice  Egypt. 

102  Aldrich,  G-.     Gravel;  Perinton;   used  extensively  for  road  purposes;  post- 
•        office  Egypt. 

103  Hartley,   Edward.     Gravel;   Perinton,   near   cemetery,    IJ^    miles  south- 

east of  Fairport;  postoffice  Fairport. 

104  Crump,  S   J.     Plastering  sand;  town  of  Perinton;  on  Irondequoit  creek; 

just  south  of  Palmyra  road;  postoffice  Pittsford. 

105  Howard,  Mrs  Daniel.     Sand  and    gravel;  Perinton;  on  Erie  canal;  just 

west  of  the  corporation  line  of  Fairport;  postoffice  Fairport. 

106  Harris,  D  »rwin.      Sand  and  gravel;   Perinton;  Whitney  road;  postoffice 

Fairport. 

107  Knapp,  Charles  H.     Gravel;  Perinton;  postoffice  Fairport. 

108  Felt,  Joseph      Gravel;  Penfield;  postoffice  Penfield. 

109  Jordon.  Mrs  Edwin  B.     Sand  and  gravel;  Penfield;  postoffice  Penfield. 

110  Smith,  Earnest.     Fine  plastering  sand;  Penfield;  postoffice  Penfield. 

111  Hebbs,  James.     Gravel;  Penfield;  postoffice  Penfield. 

112  Williams,  K.  B.     Gravel;  Penfield;  postoffice  Penfiedd. 

113  Sprague,  Halsie.     Gravel;  Penfield;  postoffice  Wel)ster. 

114  Hatch,  E.  A.     Clayey  gravel;  Webster;  postoffice  West  Wel)ster. 

115  Heimes,  Anthony.       Gravel  and  [sand;  Webster;  Ridge  road;  postoffice 

Webster. 

116  Klem,  Peter  D.     Sand  and  gravel ;   Webster;  po.stoffice  Union  Hill. 
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117  Brower,  H.     Gravel;  sold  an  acre  this  year  to  the  Rochester  &  Sodus 

Electric  Railway;  Webster;  postoffice  West  Webster. 

118  Weeks,  O.  J.     Sand  and  gravel;  Webster;  postoffice  West  Webster. 

119  Pierce,  Samuel.     Gravel;  Webster;  postoffice  Forest  Lawn. 

120  Btimette,  B.  W.     Gravel;  Webster;  postoffice  West  Webster. 

121  Peacock,  John.     Sand  and  gravel;  Ogden;  postoffice  Spencerp6rt. 

122  Pledger,  John.     Gravel;  Ogden;  postoffice  Spencerport. 

123  Hitcock,  Oeorge  W.     Gravel;  Ogden;  postoffice  Spencerport. 

124  Darlingr,  Everett.     Gravel;  Ogden;  postoffice  Parma. 

125  Rich,  Jamei.     Gravel;  Ogden;  postoffice  Adams  Basin. 

126  Browep,  F.JW.     Sand  and  gravel;  Ogden;  postoffice  Spencerport. 

127  Henchen,  Mrs  Virginia.     Sand  and  gravel;  Greece;  postoffice  Barnard, 

128  Kirkpatrick,  W.  J.     Gravel;  Mendon;  postoffice  Rochester  Junction. 

129  Bainesford,^J;  A.     Brick  sand;  Greece;  postoffice  Barnard. 

130  Budlong,  Mrs  Helen  8.     Gravel;  Wheatland;  postoffice  Scottsville. 

131  Thompkins,  John.  ^Gravel;   Parma;  postoffice  Hilton. 

132  List,  Katherine  M.     Gravel;    Irondequoit. 

133  Rochester  Suburban  Bailway.    Gravel;  Irondequoit;  Rochester. 

134  Pardee,  E.  8.     Gravel;  Irondequoit. 

135  Windhauser,  John.     Gravel;  Irondequoit;  Rochester. 

136  Waltzer,  Joseph.     Gravel;  Irondequoit. 

137  Sweet,  MrsB.     Gravel;  Irondequoit.  • 

Oypsum  industry 

There  are  two  plaster  mines  within  the  county,  both  located 
in  the  southwest  corner,  in  the  town  of  Wheatland  on  Allen's 
creek;  one  at  Garbutt  and  the  other  2^  miles  westward  at 
Wheatland  Center. 

The  one  at  Garbutt  is  that  of  the  Lycoming  Calcining  Co., 
superintended  by  Mr  C.  A.  Sweet.  It  is  located  on  the  south 
side  of  the  creek  opposite  the  mill  and  is  reached  by  a  trestle. 
The  entrance  to  this  mine  is  by  a  tunnel  into  the  side  of  the  WU. 
The  plaster  bed  worked  is  what  is  known  locally  as  the  upper 
bed,  and  here  runs  in  lenses  and  ridges  from  4  to  6  feet  thick.  It 
is  overlain  by  about  40  or  50  feet  of  waterlime  and  dirt.  CJon- 
siderable  "  dirt "  is  found  at  points  in  the  gypsum  where  the 
calcium  sulfate  has  been  dissolved  out,  leaving  a  clayey,  dirt- 
colored  residue.  Owing  to  the  unstable  nature  of  the  roof, 
much  timbering  is  necessary.  The  work  is  carried  on  in  several 
different  headings,  with  two  to  six  men  at  a  heading.  From 
20  to  40  men  are  employed,  and  as  high  as  100  tons  of  gypsum 
are  removed  in  a  day.  Drilling  is  done  with  "New  Aug^r'* 
coal  drills,  and  the  blasting  with  a  low  grade  dynamite.    The 
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material  is  conveyed  from  the  mine  to  the  mill  in  cars  drawn 
by  mules.  This  company  at  the  present  time  owns  and  has 
under  lease  100  acres  of  land  underlain  by  plaster  rock.  The 
company  has  just  opened  a  new  shaft  at  this  level,  a  few  hun- 
dred yards  south  and  west  of  the  old  opening,  which,  they  expect, 
will  increase  their  output.  A  vertical  shaft  in  the  mine  'pene- 
trates at  the  depth  of  7  feet,  another  bed  of  plaster  5  feet  in 
thickness.  It  is  planned  to  work  this,  and  a  horizontal  shaft 
has  been  begun  at  the  creek  side.  A  third  and  still  lower  level 
for  gypsum  is  reported  as  existing. 

The  gypsum  is  used  here  in  the  manufacture  of  the  three  sub- 
stances, land  plaster,  stucco  or  plaster  of  paris  (the  name  given 
to  the  product  when  calcined),  and  wall  plaster.  Steam  power 
is  used  in  the  mill. 

The  land  plaster  is  made  by  running  the  raw  plaster  rock 
first  through  a  nipper,  then  a  cracker  of  coffee  mill  type  and 
then  grinding  it  betw^een  burstones. 

For  stucco,  the  material  is  subjected  to  the  first  two  stages 
of  the  above  process,  by  which  it  is  broken  into  fragments  about 
the  size  of  a  pea,  when  it  is  taken  to  the  calciuer.  The  process  of 
calcining  is  what  is  known  as  the  Cummer  process.  The  material 
fe  conveved  bv  a  brcket  elevator  to  a  rotarv  kiln  or  drum,  a 
cylinder  inclined  a  few  degi*ees  from  the  horizontal,  over  a  fire, 
fueled  with  soft  coal  from  an  automatic  American  stoker,  the 
material  being  kept  constantly  mixed  by  being  carried  up  to 
a  certain  point  by  shelves  lining  the  interior,  when  it  falls  down 
again.  From  here  the  material  is  conveyed  into  brick  cooling 
bins.  When  cooled,  it  is  ground  with  emery  stones  and  comes 
out  stucco,  ready  to  be  put  up  for  shipping.  This  material  is 
shipped  in  bulk,  also  in  jute  bags. 

•  The  dry  mortar  wall  plaster  is  made  by  the  Diamond  Wall 
Cement  Co.,  who  occupy  the  west  end  of  the  building.  The  mix- 
ture is  two  parts  sand  and  one  of  stiu-co.  with  a  «inall  [)roportion 
of  hair  and  retarder. 

The  sand  is  obtained  at  Wheatland  (U^iter,  '2  niil(n<  west,  on 
the  line  between  the  farms  of  Frank  Kingsbury  (Wheatland 
Center)  and  Albert  Mudge  (Rochester).     During  the  last  year, 
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6000  yards  were  used.  The  sand  is  prepared  for  use  by  shoveling 
it  into  a  sand  drier  at  the  outside  of  the  building,  from  which 
it  is  conveyed  by  a  bucket  elevator  to  the  top  of  the  building  and 
passed  through  a  screen,  falling  into  a  storage  bin.  From  the 
bin  it  is  conducted  to  hopper  scales,  where  it  is  mixed  with 
the  stucco  and  other  ingredients,  coming  out  the  finished 
product. 

During  the  past  fiscal  year,  it  is  stated,  3000  tons  of  land 
plaster,  15,000  tons  of  stucco  and  15,000  tons  of  wall  plaster 
were  sold  from  these  mills.  The  Lycoming  Calcining  Ck>.  is 
expecting  to  supply  200  tons  of  stucco  a  week  to  the  Sackett 
Wall  Board  Ck).,  which  has  just  erected  an  extensive  factory  at 
this  place. 

At  the  works  of  the  Consolidated  Wheatland  Plaster  Co.,  lo- 
cated at  Wheatland  Center,  about  2^  miles  northeast  of  Cale- 
donia and  16  miles  from  Rochester,  the  manufacture  of  land 
plaster  is  conducted  on  a  larger  scale.    The  property  is  admira- 
bly located  both  for  mining  and  grinding  the  gypsum  rock.    The 
concern  owns  37  acres  of  land  in  fee  simple,  on  which  is  lo- 
cated a  never  failing  water  supply  capable  of  developing  100  to 
150  horse  power.     Beside  this,  the  company  owns  the  bed  of 
Allen's  creek,  from  Wheatland  Center  for  about  1  mile  to  th^ 
east,  with  all  the  water  rights  and  privileges  to  high  water  maifc* 
It  also  leases  86  acres  of  gypsum  on  the  north  side  of  Allen's 
creek.    The  water  power  makes  the  production  very  cheap.    The 
company  has  two  large  mills,  one  of  which,  the  lower,  is  ope^ 
ated  entirely  by  water  power  supplied  by  Allen's  creek,  and  the 
other,  known  as  the  "  Upper,"  or  "  Strobel  mill,"  by  water  and 
steam  power.    The  capacity  of  both  mills  is  about  80  to  IM 
tons  of  crushed  and  ground  plaster  each  day  of  24  hours. 

At  the  lower  mill  the  gypsum  is  crushed  with  the  Good  Roada 
Machinery  Co.'s  "  Champion  rock  crusher "  and  ground  with  a 
common  underrunner,  42  inch  Munson  mill.  At  the  upper  mill 
the  company  has  water  power  enough  to  operate  one  run  of 
Munson  millstones  with  a  large  pot  crusher.  In  the  busy  season 
steam  can  be  put  on  if  necessary,  and  two  runs  of  42  inch  und€^ 
runner  Munson  mills  operated.    This  upper  mill  is  equipped  witii 
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bolts  by  which  gypsum  can  be  bolted  as  fine  as  flour.  It  is  either 
sacked  or  loaded  in  bulk  on  track  scales  at  the  side  of  the 
mill.  The  output  of  plaster  for  the  fiscal  year  just  closed  was 
I69OOO  tons.  The  entire  product  is  shipped  by  the  Buffalo,  Roch- 
ester &  Pittsburg  Railroad.  The  company  is  provided  with 
Bt<Mrage  room,  so  that  the  plaster  made  during  the  winter  can 
be  stored  for  the  spring  season. 

In  the  upper  mill  an  insecticide  called  "  Black  Death,"  made 
with  gypsum  as  a  basis,  is  manufactured  for  the  0-at-ka  Ghemr 
ical  Co.,  which  is  under  the  same  management  as  the  Wheatland 
Co.    About  250  tons  were  sold  last  year. 

The  mine  is  reached  by  a  bridge  across  the  creek,  on  a  level 
with  the  mill  floors  and  the  horizontal  tunnel  running  into  the 
mine.  The  plaster  rock  runs  in  a  pure  vein  6  or  7  feet  in  thick- 
'  ness,  averaging  6  feet.  It  is  about  6  feet  above  creek  level 
and  is  overlain  by  40  to  50  feet  of  waterlime,  and  underlain 
b|y  a  bed  of  carbonate  of  lime.  It  is  reported  that  under  this  is 
another  bed  of  plaster  considerably  thicker.  The  roof  of  this 
mine  is  without  a  seam  and  is  supported  by  pillars  of  the  gypsum 
20  to  30-  feet  apart.  The  common  Jefilrey  Manufacturing  Ck>. 
hand  coal  drills  are  used  for  drilling.  For  blasting,  a  20^  nitro 
glycerin  is  used.  After  the  rock  is  blasted  out  in  the  different 
headings,  it  is  loaded  on  mule  cars.  About  2  tons  to  a  car  is  a 
load.    The  rock  is  allowed  to  dry  under  sheds  before  being  ground. 

Charles  H.  Root,  president  and  treasurer,  states  that  the  com- 
pany expects  to  erect  a  calcining  kettle  for  the  manufacture  of 

plaster  of  paris. 

Feat  deposits 

There  are  several  peat  deposits  in  the  county,  but  all  of  small 
extent.  Several  of  these  have  been  worked  in  the  past  for  fuel, 
but  cmly  two  on  a  commercial  scale.  At  present,  with  one  excep-' 
ttoiiy  th^  are  not  worked.  This  exception  is  a  small  deposit 
fllling  A  kettle  hole  in  the  north  side  of  the  Pinnacle  range,  ^ 
idle  east  of  South  Goodman  street,  Rochester<^>.  It  lies  partially 
i  the  property  of  the  Ellwanger  &  Barry  Nursery  Co.  and 
iV' partially  on  land  owned  by  Charles  Barton.    The  basin  is  oval, 
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s^lj^Mdag  a  length  from  east  to  west  of  about  300  feet  and  a 
S^dMadth  of  perhaps  100  feet. 
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In  1897  a  pit  was  dug  in  this  deposit  to  the  depth  of  13  feet 
and  a  stake  then  forced  down  12  feet  fartlier,  without  any  signs 
of  having  reached  the  bottom. 

The  peat  is  of  the  consistency  of  cheese  and  is  plastic  in  the 
hand.  Standing  in  it,  one  will  sink,  sometimes  nearly  a  foot, 
the  peat  adhering  like  clay.  When  fresh  its  color  is  a  light 
brown,  becoming  dark  brown  in  drying.  Large  limbs  of  trees 
buried  in  it  may  be  cut  through  as  easily  as  the  rest  of  the 
deposit,  but  when  dried  usually  shrink  and  crack,  becoming 
probably  harder  than  when  growing.  Insects  in  the  peat  are 
well  preserved,  in  consequence  of  the  antiseptic  properties  of 
the  peat  water.  The  plants  composing  the  peat  are  still  recog- 
nizable and  show  some  changes  in  the  forms  which  have  con- 
tributed to  the  deposit.  The  bog  is  now  covered  with  black  and 
yellow  birches.  The  filling  of  the  depression  has  at  present 
reached  such  a  level  that  oxidation  and  accumulation  are  just 
balanced. 

Ellwanger  &  Ban\y  use  this  material  in  their  nursery  in  mak- 
ing a  compost.    Mr  Barton  sells  that  from  his  part  of  the  bed 
for  use  in  the  public  parks.    Last  year  he  sold  117  yards  at  85 
cents  a  yard.      It  is  used  in  forming  a  compost  for  rhododeD- 
drons  and  plants  of  the  heath  family. 

A  large  bog  in  the  town  of  Ogden,  1  mile  south  of  Speaicer- 
port  on  a  farm  belonging  to  Dr  P.  G.  Udell^^^,  was  worked  in 
1864  by  John  R.  Garretsee,  and  the  material  shipped  away  on 
the  Erie  canal.  Another  bog  located  1  mile  east  of  Adams 
Basin^^>,  on  the  farm  of  Freeman  Webster,  was  woi^ed  on  a 
small  scale  for  experimental  and  domestic  purposes.  Another 
in  the  same  town  is  situated  1  mile  east  of  Spencerport  on  the 
farm  of  George  W.  niscock(^>. 

A  bog(^>  in  the  southeast  corner  of  Gates,  between  the  Buffalo, 

Rochester  &  Pittsburg  Railroad  and  the  branch  of  the  Western 

New  York  and  Pennsylvania  Railroad,  was  worked  for  two  or 

three  years,  beginning  about  1870,  under  the  business  name  of 

"  Babcock   Peat  Works."     A   press   was   erected   and   the  peat 

made  into  cvlindric  cakes. 
•  •• 

There  are  two  deposits  in  the  southern  part  of  Parma^  a  little 
northeast  from   Hinklevville,  one  on   the  farm  of  Milton  and 
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Lucy  PahnerC^,  the  other  on  the  property  of  Mrs  Julia  Bensch<*>. 
Anoth^  bog<^  on  the  property  of  J.  B.  Ck>llamer,  in  the  north- 
east  corner  of  the  town  near  the  Greece  line  and  on  the  lake 
flliorey  stands  as  follows:  at  the  outside  is  an  area  of  muck, 
within  thiSy  an  area  of  peat  and  then  reed-grown  water. 

A  peat  deposit^>  on  the  land  of  Wayland  A.  Keyes,  in  the 
eastern  part  of  Bush  near  the  town  line,  was  worked  some 
jean  ago,  for  private  use  by  Hallock  Bros. 

In  the  town  of  Mendon  in  the  region  of  the  Mendon  ponds, 

are  several  bogs.    One<^^>,  a  closed  bog,  known  as  Huckleberry 

■wampy  is  on  the  farm  of  Judson  Howard.    This  is  a  typical 

sphagnum  swamp,  being  surrounded  by  a  narrow  ring  of  mud 

and  water,  and  higher  in  the  center  than  at  the  sides.    Mendon 

pondC^  and  Mud  pond<^>  are  surrounded  by  a  deposit  of  muck, 

withbi  which  is  an  area  of  peat,  seemingly  floating  on  the  water, 

10  it  will  q>ring  an^  rock  under  foot.     Within  this  is  open 

[.  wtfter.    Bound  pond  has  been  divided  into  two  ponds  by  the 

;■    formation  of  a  bar  of  x>eat.    This  peat  or  v^etable  matter,  for 

..  very  little  earthy  matter  can  reach  the  center  of  the  pond,  is 

gradually  encroaching  on  the  open  water  and  will  eventually 

'  daim  the  whole  pond.    Many  of  the  bogs  of  the  vicinity  prob- 

^ably  oariginated  in  this  way.    One(^>  of  this  nature  is  located  on 

"Hie  property  of  Morey  C.  Garland,  in  the  southwest  corner  of 

Ihttsford. 

Just  north  of  Mendon  pond,  in  the  town  of  Pittsford,  is  what 
is  known  as  the  Beaver  meadow^^^>.  An  attempt  was  made  some 
40  years  ago,  to  use  the  peat  from  the  portion  lying  op  the  farm 
of  Bobert  Hopkins.  According  to  S.  J .  Cininip,  of  Pittsford,  who 
has  examined  this  deposit,  there  are  about  2  feet  of  soil,  3  feet 
of  pure  p^t,  under  this  a  thin  layer  of  a  blark,  carbonaceous, 
Jellylike  matter  which  hardens  on  drying,  then  a  shell  marl 
T:.  wUch  has  been  penetrated  to  the  depth  of  2  feet.  Conspicuous 
-in  the  marl  are  the  shells  of  the  eeninion  pond  snail,  Limnea 

sfk     Peat  occurs  at  one  or  two  points  in  the  troughlike  lagoon  area 

» the  south  side  of  the  Ridge  road.    The  peat  from  one  of  these^^> 

ItT^ece,  %  mile  west  of  Lake  avenue,  Rochester,  on  the  land  of 
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Henian  Glass,  has  been  used  for  making  a  compost.  This  de- 
posit  extended  to  the  south  under  the  property  of  W.  H.  Robinson. 
In  tlie  dry  season  of  1892  or  1898,  this  portion  took  fire  and 
smoldered  for  a  week  or  more,  finally  burning  itself  out.  At 
several  i>oints  the  overlying  loam  sank  in.  forming  shallow  pits. 

There  is  a  deposit  of  peat^^*^^  2i/^  miles  east  of  Penfield  vil- 
lage, on  the  Commission  ditch.  About  40  years  ago,  while  the 
New  York  Central  Railroad  Co.  was  still  burning  wood  in  its 
engines,  it  was  planned  to  organize  a  company  for  the  purpose 
of  supplying  the  railroad  with  peat  from  this  bed,  as  a  fuel. 
Samples  for  toting  were  taken  from  various  points  in  the  de- 
posit. But  the  price  of  coal  fell  at  this  time;  so  the  company 
decided  to  have  its  engines  equipped  for  burning  coal. 

A  small,  boglike  area  in  Rochester,  on  the  present  site  of  the 
Rochester  Atheneum  and  Mechanics  Institute,  showed  the  fol- 
lowing arrangement  of  material :  a  layer  of  clay,  a  layer  of  shell 
marl  and  a  shallow  layer  of  sphagnum  peat  followed  by  a  layer 
of  filling. 
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KOTEB  ON  MINEBAL  DEVELOPMENTS  IN  THE  BEOION 

ABOUND  ITHACA 

BY  HEINKICH  BIES 

The  quarry  industry  in  this  region  has  not  been  specially 
active  during  the  pafit  year,  the  quarries  at  Union  Springs  and 
Beneca  Falls  having  dqne  little  business,  but  the  limestone  quar- 
ries at  Waterloo  are  stated  to  have  been  in  active  operation  most 
of  the  time. 

The  bed  of  slip  clay  located  on  the  property  of  William  Young 

on  fhe  south  edge  of  the  city  of  Seneca  Falls  has,  so  far  as  I  am 

■ 

aware,  never  been  mentioned  in  any  previous  report.  But  in 
previous  years  some  quantity  of  it  has  been  dug  and  shipped  to 
stoneware  potteries  in  Ohio,  Tennessee,  and  West  Virginia. 
Mr  Young  contemplates  resuming  mining  operations  in  the  near 
future.  The  large  deposit  of  marl  and  clay  underlying  the 
swamp  at  Alpine  station  still  remains  undeveloped,  but  it  is 
expected  that  a  cement  plant  will  be  located  at  the  locality  in 
the  spring  of  1903.  Mr  George  Cook,  of  Newfield  N.  Y.,  contem- 
plates building  a  second  brick  plant  at  that  locality,  which  will 
bti  known  as  the  Ithaca  Red  Brick  &  Tile  Co. 

The  brick  works  at  Horseheads  and  the  brick  and  terra  cotta 
works  at  Corning  have  continued  in  active  operation. 

The  two  most  important  developments  which  were  made  in  this 
r^OQ  during  the  past  year  are  the  establishment  of  and  opera- 
tion of  the  new  Portland  cement  plant  and  a  new  salt  works, 
both  located  on  the  eastern  shore  of  Cayuga  lake.  The  Portland 
cement  plant  is  operated  by  the  Cayuga  Lake  Cement  Co.,  with 
the  general  ofSces  at  Ithaca,  and  the  works  at  Portland  point, 
6  miles  north  of  Ithaca  on  Cayuga  lake.  The  raw  materials 
ittied  are  a  silicious  Tully  limestone  and  a  calcareous  Hamilton 
diale,  of  which  the  analyses  have  been  kindly  furnished  me  by 
Prof.  R.  C.  Carpenter  of  Cornell  Univei'sity. 

Limestone  Shale 

Silica 9.72  53.46 

Almnina 4.20  20.28 

Ferric  oxid  '. : 48  6.72 

Lime 47.11  6.66 

■Magnesia 66  3.82 

LoflB  on  ignition. undet.  8.18 
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The  company  began  operations  in  February  1902,  and  the 
actual  output  at  the  present  time  is  stated  to  be  600  barrels  a 
day,  but  additional  machinery  is  being  put  in,  so  that  by  Dec.  1, 
1902,  its  capacity  is  expected  to  reach  1000  barrels  a  day.  The 
method  of  manufacture  consists  of  gradually  reducing  the  raw 
materials  in  large  crushers,  Griffin  mills,  or  tube  mills;  the  burn- 
ing is  done  in  rotary  kilns,  and  tlie  clinker  is  ground  in  Griffin 
mills  and  tube  mills. 

The  Remington  salt  plant  is  located  on  the  eastern  shore  of 
the  lake  about  I/2  ™ile  north  of  Ithaca.  Three  wells  have  been 
sunk,  the  i*ecord  of  the  first,  whose  mouth  is  at  an  altitude  of 
400  feet  above  sea  level,  being  carefully  preserved.  It  is  as 
follows : 

Feet 

Portage  shales  and  sandstones 240 

Genesee  shales 125 

Tully  limestone   30 

Hamilton  shales    1079 

Marcellus  shales    81 

Corniferous   limestones    95 

Oriskany  sandstones 15 

Lower  Helderberg  shales 135 

Onondaga  limestones   295 

1st  layer  of  salt  penetrated ' 42 

Total 2137 

The  works  are  now  in  active  operation. 


MESTEBAL  RESOURCES  OF  ONONDAGA  COUNTY, 

NEW    YORK 

BY   T.    C.    HOPKINS 

.  Building  stone 

Onondaga  limestone.  The  gray,  crystalline  Onondaga  lime- 
otone,  which  forms  the  base  of  the  Corniferous  group,  is  com- 
mercially the  most  important  rock  in  the  county  and  is  quarried 
.  quite  extensively  in  several  different  localities.  The  greater  part 
of  thcJ  dimension  stone  quarried  from  this  formation  comes  from 
the  Onondaga  Indian  reservation,  4  miles  south  of  the  city  of 
fiyracuse.  The  rock  is  hauled  by  wagon  from  the  quarries  at 
the  reBervation  to  the  city  of  Syracuse,  where  part  of  it  is  used 
tot  stone  buildings,  and  trimmings  for  brick  buildings,  and  part 
of  it  is  shipped  by  rail  and  canal  to  more  distant  points. 

In  1902  there  were  three  quarries  in  operation  on  the  reserva- 
tion. The  most  northern  one  was  operated  by  Kelly  Bros.,  the 
next  by  Patrick  McElroy  and  thd  southern  one  by  D.  Story. 
They  were  all  in  active  operation  during  the  season,  quarrying 
dimension  stone  almost  entirely. 

Beeides  the  stone  quarried   for   dimension   stone,   there  are 

large  quantities  of  the  Onondaga  limestone  quarried  for  use  in 

liie  manufacture  of  soda  ash  by  the  Solvay  Process  Co.    At  pres- 

:     ent  it  is  using  1200  tons  a  day  for  this  purpose.    Part  of  this 

^:.  snpply  is  quarried  by  the  company  from  its  own  quarries  at 

^    Split  Rock,  3  miles  south  of  the  works  and  brought  to  the  works 

»■■■     ■  

L  by  its  overhead  wire  cable  and  bucket  system.  Heretofore,  the 
\  stone,  after  being  blasted  from  the  quarry,  has  been  broken  into 
^    small  dimensions  by  hand,  a  slow  and  laborious  process,  but  the 

company  has  now  completed  the  e^rection  of  two  giant  crushers, 

each  having  a  capacity  of  200  tons  an  hour,  equivalent  to  the 

!*. services  of  200  men.    This  crushing  plant,  probably  one  of  the 

.  largest  in  the  State,  has  been   constructed  at  an  expetase  of 

f 76,000  and  will  greatly  facilitate  this  part  of  the  work  of  this 

great  company. 

rl09 
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However,  despite  its  large  quarries  and  large  force  of  men  at 
work,  the  Solvay  Co.  finds  it  necessary  to  purchase  stone  from 
outside  parties  to  supply  its  needs.  A.  E.  Alvopd  at  Manlius  in 
the  town  of  DeWitt  is  at  present  quarrying  ajid  shipping  300 
tons  of  the  Onondaga  limestone  a  day  to  Solvay,  The  stone  is 
quarried  on  the  hill  above  the  village  of  Manlius  and  hauled  in 
carts  to  the  railway  at  the  village,  where  it  is  loaded  on  the!  rail- 
way cars. 

Another  source  of  supply  for  large  quantities  of  stone  for  the 
Solvay  works  is  I.  E.  Britten's  quarry,  2  miles  south  of  Syra- 
cuse, on  the  Delaware,  Lackawanna  &  Western  Railroad.  A  con- 
siderable part  of  the  stone  from  this  large  quarry  goes  to  Solvay, 
but  part  of  it  is  shipped  to  the  sugar  factory  at  Binghamton  for 
use  in  refining  the  sugar. 

At  Brittou's  quarry  there  is  no  sharp  line  of  demarcation  be- 
tween the  Onondaga  limestone  and  the  undierlying  Oriskany 
sandstone,  so  that  the  lower  portion  of  the  limestone  is  impr^- 
nated  with  sand  and  hence  unfit  for  either  the  soda  or  sugar  fac- 
tory, and  this  portion  of  the  stone  is  used  this  year  for  macadam 
in  grading  the  streets. 

Besides  the  large  quarries  mentioned  above,  there  are  several 
small  quarries,  where  the  Onondaga  limestone  is  taken  out  in  lim- 
ited quantities  for  purely  local  use. 

The  Lower  Helderberg  limestone.  The  Lower  Helderberg  or  Man- 
lius limestone  is  quarried  in  large  quantities  in  the  county  and 
used  locally  as  building  stone  for  foundations,  retaining  walls  etc. 
and  for  macadam  for  roads,  for  quicklime,  and  certain  layers  for 
waterlime  or  hydraulic  cement.  It  is  quarried  for  building  stone 
and  for  broken  stone  for  macadam  by  I.  E.  Britton,  E.  I.  Bice, 
Daniel  Murray,  Mr  Wells  and  Thomas  Coughlin  in  the  Onondaga 
valley  south  of  Syracuse,  by  the  Solvay  Process  Co.,  at  Split  Bock, 
and  E.  B.  Alvord,  near  Jamesville.  It  is  quarried  for  waterlime  by 
I.  E.  Britton,  Syracuse,  A.  E.  Alvord,  Manlius,  Bobeirt  Dunlop, 
Jamesville,  and  John  Costello,  Manlius.  Bangs  &  Qaynw  at 
Fayetteville  and  Thomas  W.  Sheedy  1  mile  north  of  Payetteville 
have  kilns  for  burning  and  mills  for  grinding  waterlime,  but 
they  buy  the  raw  stone  from  small  quarrieis  in  the  vicinity. 
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Tlie  largest  {Nrodnoers  of  the  Lower  Helderberg  limestone  in 
Onondaga  coaatj  during  the  year  were  B.  B.  Alyord,  Jamesville, 
h  E.  Britton,  Byracnse,  John  Costello,  Manlins  (formerly  the 
James  Beahan  quarry) ,  and  the  Solvay  lYocess  Co.   . 

Clay  and  clay  products 

*  There  are  no  high  grade  clays  in  Onondaga  county,  but  brick 
and  tile  clays  are  used  in  large  quantities  and  pottery  clay  in 
one  locality.  The  Syracuse  Pottery  Co.  obtains  pottery  clay  at 
Belle  Isle,  a  few  miles  west  of  Syracuse  on  the  New  York  Central 
Bailroad.  The  works  of  the  Onondaga  Pottery  Co.,  which 
wwe  destroyed  by  fire  a  few*  months  ago,  have  been  rebuilt  and 
are  expected  to  be  in  operation  by  Jan.  1, 1903.  They  do  not  use 
any  .local  clay. 

The  brick  companies  in  active  operation  during  the  year  1902 
were  the  New  York  Paving  Brick  Co.,  C.  &  L.  Merrick,  George  W. 
Pack,  and  the  Onondaga  Vitrified  Brick  Co. 

The  New  York  Paving  Brick  Co.  obtains  its  clay  from  its  pits  on 
the  east  bank  of  the  Seneca  river,  east  of  Bald winsvi lie,  and  V^ 
mile  north  of  Belgium.  The  clay  is  partly  glacial  deposit  and  partly 
alluvial  deposit.  The  bottom  of  the  deposit  consists  of  a  smooth, 
plastic,  blue,  glacial  till,  overlain  by  an  irregular  deposit  of  sand 
and  gravel,  which  is  overlain  in  turn  by  a  finely  laminated,  buff 
colored  clay.  Several  acres  of  the  clay  have  been  worked  over 
to  a,  depth  of  15  to  25  feet.  The  clay  is  loaded  on  barges  at  the 
pit  and  transferred  by  the  river  and  the  canal  to  the  factory  at 
Geddes  on  the  west  side  of  the  city  of  Syracuse.  The  company 
manufactures  vitrified  brick  for  street  paving,  some  for  building 
and  some  for  the  alkali  and  paper  works.  The  bricks  are  widely 
known  among  the  paper  manufacturers  for  their  power  to  resist 
the  action  of  strong  alkalis  and  are  shipped  for  this  purpose  to 
distant  parts  of  this  and  other  countries.  The  bulk  of  the  out- 
put, however,  is  used  for  street  paving.  The  company  has  not 
been  able  to  fill  all  its  orders,  so  great  has  been  the  demand  for 
the  bricks  this  year,  though  it  has  been  turning  them  out  at  the 
rate  of  60,000  a  day,  or  about  15,000,000  for  the  season. 

George  W.  Pack's  brickyard  lies  on  the  northwest  side  of  the 
dty  of  Syracuse.    The  clay  is  a  lacustrine  deposit  and  is  worked 
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to  a  depth  of  5  or  6  feet.  It  is  adapted  to  the  manufacture  of 
common  red  brick,  for  which  purpose  only  it  is  used.  The  clay 
bums  to  a  pale  red  color.  The  clay  is  brought  into  the  machine 
in  carts  and  is  fed  into  the  machine  by  a  belt  with  carriers  at- 
tached. The  bricks  are  dried  in  racks  and  burnt  in  the  common 
up-draft  kilns.  The  market  is  almost  wholly  local.  The  yard 
closed  down  Nov.  15  with  a  total  product  of  1,000,000  for  the 
season. 

C.  &  L.  Merrick's  brickyard  is  at  Whiskey  island,  2  miles  north- 
east of  Syracuse,  on  the  cut-off  of  the  New  York  Central  &  Hudson 
River  Railroad.  Besides  the  great  nuinber  of  common  red  brick, 
they  manufacture  repressed,  hollow,  and  buff  brick  and  draintile. 
They  have  increased  the  output  this  year,  which  amounts  to 
about  3,000,000,  by  putting  an  automatic  cut-off  to  the  machine. 
They  have  also  obtained  new  dies  for  the  tile  machine. 

The  Onondaga  Vitrified  Brick  Co.  manufactures  red  building 
brick  at  its  plant  at  Warner's. 

Lime  and  cement 

The  quicklime  industry  was  almost  entirely  abandoned  in  Onon- 
daga county  during  1902,  largely  from  the  high  price  of  coal  due  to 
the  strike  in  the  anthracite  coal  field.  The  output  of  waterlime 
was  much  smaller  than  usual,  partly  for  the  same  reaBon,  the 
high  price  of  coal,  and  because  of  the  more  extended  use  of  Port- 
land cement,  which  seems  to  be  displacing  the  natural  cement  to 
some  extent. 

The  Paragon  Plaster  Co.  obtains  its  waterlime  from  the  dif- 
ferent quarries  in  the  county,  while  its  quicklime  is  made  from 
limestone  brought  from  Chaumont,  Jefferson  CO.,  and  the  sand  is 
obtained  from  Forestport,  Oneida  co. 

R.  D.  Button,  Cottons,  Madison  co.,  quarried  a  few  hundred 
tons  of  gypsum  this  year  and  sold  it  to  the  plaster  and  cement 
companies.  Mrs  F.  Hodge,  Perryville,  Madison  co.,  has  a  small 
mill  for  gi'inding  plaster,  which  is  bought  from  the  neighboring 
quarries. 

The  Empire  Portland  Cement  Co.  of  Warner  N.  Y.,  whose 
large  mill  was  destroyed  by  tire  recently,  has  rebuilt  the  mill, 
enlarging  its  capacity  and  equipping  it  with  improved  rotarj 
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kUns.    The  new  building  is  constructed  of  steel  and  is  modern 

.  iii  everjr  respect.    It  will  have  a  capacity  of  500  to  600  barrels  of 

eement  a  day.    The  works  are  expected  to  be  in  operation  by 

February  1903. 

Sand  and  gravel 

Large  quantities  of  sand  and  gravel  are  quarried  at  Syracuse 
and  near  vicinity  for  uise  in  mortar,  plaster,  cement  and  other 
purposes,  but  the  industry  is  so  purely  local  and  carried  on  by 
individual  operators  in  such  aa  irregular  way  that  no  attempt 
has  been  made  to  get  a  directory  of  the  dealers.  Most  of  the 
sand  is  obtained  from  the  beach  deposits  of  the  fossil  Lake 

Iroquois. 

Salt 

Solar  salt  is  manufactured  in  large  quantities  at  Syracuse, 
but  the  product  this  year  is  below  the  average  on  account  of  the 
excessive  rain  and  little  sunshine  during  the  summer  months. 
The  sidt  is  all  produced  from  water  from  the  State  wells.  The 
output  and  details  of  the  industry  are  given  in  the  report  of  the 
state  commissioner  in  charge  of  the  wells  and  hence  are  omitted 
liere.    The  Solvay  Process  Co.  continues  to  get  its  salt  from  its 

.  wells  at  Tully.  It  has  recently  changed  the  plan  of  operating 
the  wells.  Formerly  the  fresh  water  was  put  into  the  wells 
under  sufficient  pressure  to  force  it  through  the  salt  bed  and  out 
at  the  mouth  of  the  well,  whence  it  flowed  by  gravity  to  the  works 
at  Solvay.  It  was  noticed  after  a  time  that  more  water  was  put 
into  the  well  than  was  coming  out,  and  there  appeared  to  be  also 
an  increase  in  the  percentage  of  salt  in  the  State  wells  at  Syra- 
cuse.   The  pressure  was  released  on  the  Tully  wells  and  the 

•  water  pumped  out  of  the  wells  into  the  pipes  in  which  it  is  con- 
ducted to  the  works. 

Gypsum 

The  gypsum  industry  has  been  fairly  active  during  the  current 

jear,  the  output  being  somewhat  above  the  normal.    Part  of  the 

output  is  used  for  wall  plaster  and  decorations,  part  goes  to  the 

eement  manufacturers,  and  part  is  ground  raw  and  used  for  land 

^  platter. 
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A  new  gypsum  quarry  was  opened  late  in  the  season  by 
Thomas  Walrath,  of  Manlius  Center,  on  the  south  bank  of  the 
Erie  canal  H  miles  east  of  Syracuse  in  the  town  of  DeWitt.  In 
Walrath's  quarry  the  gypsum  of  the  selenite  variety  occurs  in 
thin  layers  from  a  fraction  of  an  inch  to  3  inches  in  thickness 
and  in  numerous  crystalline  particles  scattered  through  the  clay- 
like Salina  shale  in  which  it  occurs. 

Other  gypsum  quarries  are  operated  in  the  county  by  the  Na- 
tional Wall  Plaster  Co.,  2  miles  east  of  Fayetteville,  its  quarry 
having  formerly  been  operated  by  Lansing  &  Son ;  by  F.  M.  Sev- 
erance, east  of  Fayetteville  in  the  town  of  DeWitt ;  the  Adamant 
Plaster  Co.,  near  Lyndon ;  and  Robert  Dunlop  and  E.  B.  Alvord, 
2  miles  northeast  of  Jamesville.  There  are  also  a  number  of 
small  quarries  operated  periodically  for  a  few  days  or  weeks  at 
a  time,  the  product  being  sold  to  the  gypsum  mills  or  to  the 
cenient  manufacturers. 

Most  of  the  gypsum  quarried  in  this  county  is  not  as  white  and 
free  from  foreign  particles  as  some  quarried  in  the  western  part 
of  the  State,  so  that  some  of  the  plaster  companies  ship  in  gyp- 
sum for  certain  u«es.  The  Paragon  Plaster  Co.  of  Syracuse 
obtains  its  gypsum  supply  from  Oakfleld,  in  Genesee  county,  and 
from  Garbuttsville,  Monroe  co. 

Natural  gas 

Tlua'e  has  been  little  change  in  the  natural  gas  industry  in 
Onondaga  county  during  the  year  1902.  Two  new  productive 
wells  have  been  drilled  in  the  Baldwinsville  district,  and  one  of 
the  old  wells  has  been  deepened.  The  supply  shows  slight  de- 
crease, but  is  still  equal  to  the  local  demands. 
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Stone 

The  F.  E.  Gonley  Stone  Co.  of  Utica  N.  Y.  controls  large  quar- 
riee  in  tbe  Helderberg  limestones  at  Oriskany  Falls  N.  Y.  The 
quarries  are  close  to,  and  above,  the  Ontario  &  Western  Railroad, 
giving  excellent  shipping  facilities.  The  rock  is  of  good  quality 
for  flnz,  and  for  this  purpose  is  shipped  to  the  blast  furnace  at 
Franklin  Springs,  9  miles  distant.  It  is  also  used  in  concrete, 
fm  road  metal  etc. 

The  output  for  the  year  ending  Sep.  1,  1902,  is  as  follows :  for 
flux,  8152  gross  tons ;  for  concrete  and  road  metal,  8931  tons. 

The  small  amount  used  for  flux  is  explained  by  the  fact  that 
the  blast  furnace  was  in  operation  only  a  short  time  during  the 
year. 

Charles  Dawes,  of  Clinton  N.  Y.,  works  a  small  quarry  near 
that  place.  The  rock  is  a  calcareous  sandstone  of  Clinton  age, 
known  locally  as  Clinton  limestone. 

The  quarry  is  worked  as  occasion  may  require  to  meet  the 
demands  of  building  operations  in  the  immediate  vicinity.  The 
stone  is  rather  fine  grained,  of  a  light  gray  color,  which,  on 
account  of  the  presence  of  some  pyrite,  gradually  takes  on  a 
warm  yellowish  tint,  the  stone  suffering  no  perceptible  deterio- 
ration. 

The  output  for  the  year  was  about  800  tons. 

Glass  sand 

Glass  sand  is  worked  in  the  towns  of  Rome,  Verona  and  Vi- 
enna, Oneida  co.,  and  Constantia,  Oswego  co.  The  sand  under- 
lies considerable  areas,  varies  from  6  inches  to  3  feet  in  thickness, 
is  covered  by  a  few  inches  of  soil  and  underlain  by  "  hardpan,'* 
frequently  containing  bog  iron  ore. 

The  layer  of  soil  is  stripped  off,  the  sand  taken  out  and  washed 
in  sheet  iron  sieves  with  14  i^^ch  perforations.  Passing  into 
troughs,  the  sand  is  stirred  in  water  and  thus  freed  from  flue 
and  light  impurities,  being  then  ready  for  shipment. 
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The  sand  is  used  in  the  manufacture  of  window  glass  and  bot- 
tles, and  to  some  extent,  in  steel  mills.  For  these  purposes,  it 
is  shipped  to  Rochester,  Ithaca,  Lockport,*  Black  Hock,  Syracuse, 
Clyde  etc. 

The  following  producers  have  given  their  output  for  the  year. 
J.  L.  Bentley,  Fish  Creek  200-300  tons 

E.  H.  Cook  &  Bros.,  Bernhard's  Bay  5000        tons 

A.  L.  Gifford,  Rome  1000        tons 

A.  F.  Purdy,  Bern  hard's  Bay  2500'       tons 

William  Williams,  Durhamville  A  few  barrels 

Iron  ore 

The  Clinton  iron  ore  is  at  present  worked  for  two  distinct 
purposes,  as  a  source  of  iron  and  for  the  preparation  of  mineral 
paint. 

The  mines  now  in  operation  are  situated  just  east  of  the  village 
of  Clinton,  where  mining  has  been  carried  on  for  about  50  years. 

The  Franklin  Iron  Manufacturing  Co.  has  an  extensive  mining 
plant  capable  of  producing  a  large  quantity  of  ore.  The  entire 
output  is  smelted  at  the  company's  furnace  at  Franklin  Springs, 
about  2  miles  by  rail  from  the  mines. 

The  plant  was  put  into  operation  July  12  and  up  to  Sep.  27 
had  mined  13,800  gross  tons  of  ore. 

Adjacent  to  the  foregoing  mines  is  the  property  of  C.  A.  Borst, 
who  has  recently  installed  a  very  complete  mining  plant. 

The  product  of  the  mines  is  at  present  all  used  in  the  manu- 
facture of  mineral  paint. 

The  output  for  the  year  was  2925  gross  tons. 

Mineral  water 

A  short  distance  south  of  Franklin  Springs  a  mineral  water 
industry  of  some  local  importance  has  developed  within  a  few 
years. 

The  water  comes  from  wells  drilled  to  depths  of  75  to  100 
feet,  the  source  being  apparently  in  Clinton  rocks. 

While  the  different  waters  vary  considerably  in  compositiony 
they  are  as  a  rule  quite  saline.  In  two  cases  lithium  is  reported 
in  some  quantity. 
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•rcxlHcers  *ncl  ontpot  for  the  year  are  as  follows : 

.  Coates,  Clinton.  12,000  gallons.  Clinton  lithia  water 
*  Qeorgo  H.  DeKike,  Clinton.  15,000  gallons.  Split  Rock  nat- 
ttral  mineral  water 

KiAland  Mineral  Spring  Co.,  Clinton.     Ontpnt  not  reported. 
Klrklaud  and  Glacier  waters 

F.  H.  Snppe,  Franklin  Springs.     Output  not  reported.     Frank- 
lin natural  mineral  water 

Warner,  Franklin  Springe.    Output  not  reported.    Warner's 
natmal  mineral  water 


ECONOMIC  PRODUCTS  OF  ST  LAWRENCE  COUNTY 

BY   W.   N.  LOGAN 

Sandstone 

The  E.  A.  Merritt  Sandstone  Co.  of  Potsdam  has  quarries  and 
mills  located  at  Hanaway  Falls.  E.  A.  Merritt  is  the  manager 
of  this  company.  The  sandstone  is  the  Potsdam  in  its  typical 
locality.    The  value  of  the  output  is  about  f  100,000  a  year. 

The  Clarkson  Sandstone  Co.  has  quarries  1  mile  north  of 
Hanaway  Falls.  The  value  of  the  product  is  f  40,000  a  year.  The 
sandstone  is  used  for  building  purposes  and  flagging. 

Potsdam  sandstone  is  quarried  on  the  L.  F.  Hale  farm  2 
miles  south  of  Canton.  The  product  of  the  quarry  is  used  locally. 
A  quarry  of  this  stone  on  the  Edward  Gilson  farm  4  miles  north- 
east of  DeKalb  village  in  DePeyster  supplies  a  small  local  de- 
mand for  building  stone. 

The  Potsdam  sandstone  is  also  quarried  on  the  Saxon  farm 

2y2  miles  south  of  Brushton.     It  is  used  locally  for  building 

purposes.    Output  100  cords  a  year.    Also  on  the  Sid.  Paddock 

farm  3  miles  east  of  Malone.    The  value  of  the  output  is  f  12,000 

a  year.    On  the  Levi  Bashah  farm  ^^  mile  north  of  Malone,  100 

cords  a  year,  valued  at  (5  a  cord;  on  the  Green  farm  i^  ^1© 

north  of  Malone,  50  cords;  on  the  Paddock  farm  ^^  mile  west  of 

Malone,  75  cords  a  year. 

Limestone 

Chazy  limestone  is  quarried  on  the  Oscar  Hale  farm  3  miles 
northeast  of  the  village  of  Norwood  in  the  town  of  Norfolk  by 
Charles  Warren.  The  limestone  is  used  for  building  purposes 
and  for  road  metal.    The  value  of  the  output  is  f  15,000  a  year. 

Another  quarry  located  1%  miles  northeast  of  the  village  of 
Norwood  supplies  the  local  demand  for  building  stone. 

Other  quarries  located  at  West  Potsdam  and  Massena  supply 
a  local  demand.    No  estimate  of  the  output  could  be  obtained. 

Marble 

The  marble  quarrying  industry  of  St  Lawrence  county  has 
been  very  active  during  the  past  year.    Nearly  all  of  the  old 
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quarries  have  been  in  operation  and  a  number  of  new  ones  have 
been  opened. 

The  E.  E.  Stevens  quarry  located  ly^  miles  southwest  of 
Canton  village  produces  a  gray  marble  very  closely  resembling 
gray  granite  in  appearance.  The  product  of  the  quarry  is  valued 
at  J!f40,000  a  year. 

The  Nickerson  quarry  situated  2  miles  south  of  Canton  on  the 
Nickerson  farm  has  not  been  operated  the  past  year.  The  marble 
receives  a  light  yellow  color  from  the  presence  of  serpentine. 

The  Chamberlain  quarry  located  2y>  miles  from  Kent  Corners 
and  operated  by  W.  D.  Chamberlain  of  Dayton  O.  has  just  re- 
sumed operations.  The  value  of  the  output  the  last  year  worked 
was  $15,000.  "The  marble  is  white  in  color. 

A  marble  quarry  was  opened  by  Horace  Ellsworth,  of  Canton, 
on  the  Peter  Fallon  farm  1%  miles  east  of  Colton  village  in  the 
town  of  Colton.  A  white  marble  quarry  was  opened  on  the  J.  0. 
Leary  farm  2  miles  east  of  Colton. 

The  Gouverneur  Marble  Co.  of  Gouverneur  operates  a  (juarry 
located  1  mile  southwest  of  Gouverneur  in  the  town  of  Gouverneur. 
The  company  employs  65  men  and  values  the  product  of  ihe  past 
year  at  $90,000.  Two  thirds  of  the  output  are  used  for  monu- 
mental purposes  and  one  third  for  building  purposes.  Some  of 
the  waste  from  the  mills  is  used  for  road  metal.  The  marble 
varies  from  a  light  to  a  deep  blue.  A  chemical  analysis  gave  the 
following  result:  silica  1.58;^^;  iron  and  aluminum  oxids  .79^;  lime 
51.45^;  magnesia  3.49;^;  sulfur  .83;^;  carbonic  acid  42.50;^. 

The  St  Lawrence  Marble  Co.  has  quarries  located  lVi>  miles 
southwest  of  Gouverneur.  The  company  employs  30  men  and  had 
an  output  valued  at  $30,000  (for  the  year  1901).  It  works  two 
quarries. 

The  Davidson  Bros.'  marble  quarry  is  located  1%  miles  south- 
west of  Gouverneur.  The  mills  of  the  company  are  at  Watertown. 
Seventeen  men  are  employed  at  the  (jiiarry.  The  output  of  the 
company  is  40,000  cubic  feet,  valued  at  from  $1.25  to  $4.50  a  cubic 
foot. 

The  Northern  New  York  Marble  Co.  has  two  quarries,  the 
Northern  and  the  Empire,  located  2^/2  miles  southwest  of  Qouv- 
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erneiir.  This  company  employs  100  men  and  has  an  output 
valued  at  $80,000.  The  marble  is  used  .mostly  for  monumental 
purposes.     Some  of  it  however  is  used  for  building  purposes. 

Morrison  &  Whitney  of  Gouverneur  have  opened  a  quarry  of 
white  marble  SM*  miles  north  of  Gouverneur  on  the  Babcock  farm. 
Machinery  for  the  quarry  and  mills  is  being  put  in  rapidly. 

Lime 

The  crystalline  limestones  of  the  Grenville  series  are  burned 
for  lime  in  many  parts  of  St  Lawrence  county.  They  produce  a 
lime  of  superior  strength,  but  it  recjuires  a  high  temperature  to 
calcine  them. 

A  kiln  is  operated  by  Mr  Church,  of  Crary's  Mills,  about  4 
miles  southeast  of  Canton  village  in  the  town  of  Canton.  The 
output  is  about  600  bushels  a  year. 

Williams  &  Johnson  operate  two  kilns  at  the  village  of  Bigelow 
in  the  town  of  DeKalb.  They  also  operate  a  kiln  2  miles  south  of 
the  village  on  the  Tom  Davis  farm.  The  yearly  output  is  about 
1000  bushels. 

A  kiln  on  the  V.  P.  Abbott  farm  2  miles  southwest  of  Gouver- 
neur ill  the  town  of  Gouverneur  is  operated  by  C.  J.  Maimer  and 
produces  400  bushels  a  year. 

A  kiln  on  the  J.  C.  I^eary  farm  2  miles  east  of  Colton  village 
ha«  supplied  a  local  demand,  but  is  not  operated  at  present. 

Iron  ore 

Thei'e  has  been  renewed  activity  in  the  production  of  iron  ore 
in  this  county  during  the  past  year.  Many  of  the  mines  which 
were  compelled  to  close  down  about  10  years  ago,  because  dealers 
refused  to  buy  that  grade  of  ore,  have  resumed  operations.  When 
the  mines  closed,  ore  containing  less  than  50ji  of  iron  could  not 
be  sold.  At  the  present  time  there  is  a  market  for  ore  running  as 
low  as  48;^. 

The  Rossie  Iron  Ore  Co.,  represented  by  Mr  B.  Nicholls,  59 
Wall  street.  New  York,  has  two  mines  located  at  Caledonia  in 
Gouverneur.  Both  are  in  operation,  and  a  third  haa  just  been 
opened.  The  company  employs  65  men  and  has  a  daily  output 
of  100  tons.     The  ore  is  hematite  and  contains  about  50j<  of  Fe. 
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The  ore  occurs  in  beds  which  are  constricted  in  places,  forming 
lens-shaped  masses.  The  beds  are  tilted,  and  the  ore  is  always 
richest  in  the  trough  of  the  lenticular  mass.  The  age  of  the  rocks 
I  have  not  determined,  though  I  think  they  are  later  than 
Grenville. 

The  Carney  Ore  Mining  Co.  of  New  York  operates  three  shafts 
%  of  a  mile  east  of  Caledonia.  The  mines  are  managed  by  John- 
son Bros.,  of  Gouverneur.  The  output  is  80  tons  a  day.  The  ore 
grades  from  48;^  to  50;^  Fe. 

A  deposit  of  micaceous  hematite  was  discovered  in  the  public 
road  3  miles  east  of  Canton  village.  It  has  been  opened  and  the 
ore  used  for  road  metal. 

Hematite  was  found  also  on  the  George  Cole  farm,  ly^  miles 
northwest  of  High  Falls.  Also  on  the  Grant  Hastings  farm, 
y^  ^^^  west  of  the  same  village. 

A  deposit  of  red  hematite  found  on  the  Halley  farm  2  miles 
from  High  Falls  was  leased  by  M.  W.  Spalding,  of  Rensselaer 
Falls.  These  ores  all  occur  in  rocks  of  the  Grenville  series.  An 
iron  ore  bed  was  opened  during  the  past  season  on  the  Vander- 
hoff  farm,  2  miles  south  of  Crary's  Mills  in  the  town  of  Pierre- 
pont,  by  S.  Vanderhoff.  The  ore  contains  55^  of  Fe.  A  shaft 
has  been  sunk  to  a  depth  of  20  feet. 

Iron  ore  was  discovered  at  Owl  head  G  miles  south  of  Malone. 
The  deposit  has  not  been  exploited. 

The  Chateaugay  Iron  Mining  Co.  is  j^aid  to  be  operating  mines 
on  Upper  Chateaugay  lake. 

Lead 

Rossie  and  Macomb  have  in  times  past  produced  lead,  but  the 
mines  have  not  been  worked  in  recent  years.  The  lead  ore  occurs 
in  small  veins  in  rocks  (limestones  and  schists)  of  the  Grenville 
series.  During  the  past  summer  lead  ore  was  discovered  near 
the  DePeyster-Macomb  line,  4  miles  east  of  Macomb  village  and 
7  miles  north  of  Gouverneur.  The  discovery  revived  interest  in 
lead  mining.  Preparations  are  being  made  by  the  Gouverneur 
Garnet  and  I^ead  Mining  Co.  to  exploit  this  vein. 
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Talo 

The  talc  industry  of  St  Lawrence  county  has  been  prosperous 
during  the  past  year.  All  of  the  old  mines  have  been  working, 
and  a  number  of  new  ones  have  been  opened.  The  Ontario  Talo 
Co.  of  Gouvemeur  has  one  mine  located  ^  of  a  mile  north  of 
Fullerville  in  Fowler,  and  two  1  mile  north  of  Fullerville.  The 
daily  output  is  20  tons.  It  is  used  in  the  manufacture  of  paper, 
paint  and  toilet  preparations.  Sixty  tons  a  week  are  used  by  the 
Bellows  (Vt.)  Paint  Ck).  The  company  produces  four  grades  of 
bur  and  cylinder  talc. 

The  International  Talc  Co.  of  Gouverneur  owns  three  mines 
at  Talcville  in  Edwards.  The  output  is  35,000  tons  a  year.  The 
product  is  used  in  the  manufacture  of  paper,  paint,  rubber  goods 
and  toilet  preparations.  There  are  five  grades,  both  bur  and 
cylinder. 

The  United  States  Talc  Co.  of  Gouverneur  operates  one  mine  at 
Talcville.  Its  output  is  10,000  tons  a  year.  The  product  is  used 
principally  in  the  manufacture  of  paper. 

The  Union  Talc  Co.  of  Gouverneur  operates  three  mines  in  the 
vicinity  of  York  in  the  town  of  Fowler.  Its  output  is  al)out 
30,000  tons  a  year.  Ninety  per  cent  is  used  in  the  manufacture 
of  paper.  The  company  produces  several  grades,  both  bur  and 
cylinder. 

The  C.  T.  Holbrook  Co.  opened  a  mine  Sy^  miles  west  of  DeKalb 
Junction  in  DeKalb,  on  the  Helageas  farm.  About  500  tons  of 
talc  have  been  taken  out. 

A  deposit  of  talc  was  located  on  the  Close  and  Boot  farms  2 
miles  east  of  Colton.     It  has  been  leased  by  A.  Fuller,  of  Oolton. 

Apatite 

This  mineral  occurs  associated  with  the  crystalline  limestone 
of  the  Grenville  series.  Quantities  of  crystals  are  collected  each 
year  by  museum  collectors  from  the  marble  quarries  of  Gouver- 
neur and  from  other  localities  in  Macomb.  It  has  not  yet  been 
found  in  sufficient  quantities  to  be  of  commercial  value  as  a 
fertilizer. 
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Diopsid 

Well  formed  crystals  of  green  diopsid  were  collected  from  the 
farm  of  George  Foster,  2  miles  east  of  Bigelow  in  DeKalb,  during 
the  past  year.  The  crystals  occur  in  pockets  and  fissures  in  the 
crystalline  limestone  of  the  Grenville  series.  A  deposit  existing 
under  similar  conditions  occurs  on  the  Calvin  Mitchell  farm, 
1%  miles  from  Bigelow.  These  two  deposits  have  been  visited 
by  collectors  and  the  material  is  sold  for  cabinet  specimens. 

Garnet 

The  Gouverneur  Garnet  &  I^ad  Mining  Co.  opened  a  garnet 

mine  3  miles  north  of  Gouverneur  during  the  past  summer.     The 

garnet  is  to  be  used  in  the!  manufacture  of  sandpaper.     It  is  the 

variety  known  as  almandite  and  occurs  in  a  quartz  vein  in  gneiss. 

A  garnet-bearing  rock  was  found  also  14  ^^^^^  ^^st  of  the  village 

of  Colton. 

Graphite 

Numerous  deposits  of  graphite  have  been  discovered  in  St  Law- 
rence county  during  the  past  year.  On  the  L.  C.  Smith  farm.  3 
miles  southwest  of  the  village  of  Canton,  a  shaft  has  been  sunk 
to  a  depth  of  25  feet.  The  graphite  occurs  in  veins  and  pockets 
in  a  gneiss  of  the  Grenville  series.  The  graphite  is  of  the  foliated 
variety  and  free  from  impurities.  It  has  not  yet  been  found  in 
paying  quantities.  This  mine  is  controlled  by  W.  Chamberlain 
&  Co.  of  Canton. 

Another  graphite  mine  was  opened  by  C.  T.  IIol brook,  1  I/2 
miles  south  of  High  Falls  on  the  John  Lalone  farm.  The  graphite 
occurs  in  a  gneiss  of  the  Grenville  series.  The  mine  is  not  being 
worked  at  present. 

Graphite  was  discovered  on  the  AYilliam  Perry  farm  4  miles 
southwest  of  the  village^  of  Canton.  The  deposit  has  been  leased 
by  M.  W.  Spalding,  of  Rensselaer  Falls. 

A  deposit  of  graphite  Avas  found  l^/o  miles  southeast  of  Pope's 
Mills  in  Macomb,  on  the  Olds  farm.  About  100  tons  of  graphite- 
bearing  rook  has  been  taken  out.  The  deposit  is  worked  by 
Chamberlain,  Jenks  &  Roberts  of  Canton. 
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Mica  has  not  yet  been  found  in  quantities  of  commercial  value 

in  St  Lawrence  county.    It  has  been  located  at  the  following 

points,  and  small  quantities  have  been  taken  out.    On  the  William 

Kelley   farm,    %   mile   south   of   High   Falls   in   the  town   of 

Canton  (biotite).    One  the  J.  Murray  farm,  ^/^  mile  south  of  High 

Palls  in  the  town  of  Canton   (biotite).    On  the  Butler  farm  4 

miles  south  of  Colton  in  the  town  of  Colton.    On  the  Brown  farm 

2  miles  east  of  Colton. 

Iron  pyrites 

The  Stella  Mining  Co.  has  mines  located  1  mile  northeast  of 
the  village  of  Hermon  in  the  town  of  Hermon.  These  mines  have 
an  output  of  60  tons  a  day.  The  mineral  is  shipped  to  a  chemic^ 
company  in  Cleveland  O. 

The  High  Falls  Pyrite  Co.  has  mines  located  at  High  Falls, 
town  of  Canton.  The  output  of  these  mines  is  20  tons  a  day. 
The  product  is  sold  to  chemical  works.  During  the  past  season 
a  mine  was  opened  on  the  Alexander  Farr  farm  2^/2  miles  north- 
east of  the  village  of  Bigelow  in  DeKalb.  The  mine  was  operated 
by  G.  Fleming,  and  six  or  eight  carloads  have  been  taken  out. 

A  deposit  of  pyrites  occurs  on  the  L.  Hockens  farm  7  miles 
west  of  Rensselaer  Falls  in  the  town  of  I>e  Peyster;  also  on  the 
George  Styles  farm,  li/^  miles  east  of  Bigelow  in  DeKalb;  and  on 
the  Steve  Hendricks  farm  1  mile  south  of  Bigelow. 

These  deposits  all  occur  in  rocks  of  the  Grenville  series. 

Tourmalin 

Small  deposits  of  this  mineral  have  been  discovered  during  the 
past  season  on  the  S.  Newcomb  farm  6  miles  west  of  Rensselaer 
Falls  in  De  Peyster  and  on  the  Hamlin  farm  3  miles  east  of 
Colton.     It  is  of  value  only  for  cabinet  specimens. 


NOTES  ON  RECENT  MINERAL  DEVELOPMENTS  AT  * 

MINEVILLE 

BY    HBINRICH    RIES 

The  introduction  of  a  new  and  successful  method  of  magnetic 
■eparation  for  treating  the  magnetite  ores  at  Mineville,  Essex 
CO.,  has  led  to  renewed  activity  in  the  iron  mining  industry  at 
that  locality. 

The  special  object  of  thus  treating  the  ores  is  to  obtain  a 
product  low  in  phosphorus,  which  in  the  crude  ore  often  runs 
from  iy2^  to  2j^,  and  thus  make  it  available  for  Bessemer  work. 

In  tbe  summer  of  1901  Witherrbee,  Sherman  &  Co.  installed  a 
new  separating  plant  for  treating  the  ore  from  the  Joker  and 
Bonanza  shafts  on  the  Old  Bed. 

In  this  plant  the  ore,  after  a  preliminary  crushing,  is  dried  to 
remove  all  moisture  and  then  passed  through  Wendstrom  mag- 
netic separators.  The  concentrates  from  these  are  ready  for  ship- 
ment, but  the  tails  are  reeinished  to  20  mesh  and  passed  through 
a  Witherill  separator  with  two  magnets.  The  first  magnet  re- 
moves the  magnetite,  which  is  added  to  the  concentrates  men- 
tioned above,  while  the  second  magnet  takes  out  the  hornblende, 
thus  leaving  a  mixture  of  apatite  with  some  quartz  to  pass  off  at 
the  end  of  the  belt.  The  last  mentioned  product  is  sold  to  manu- 
facturers of  fertilizer. 

The  present  separating  plant  has  four  Wendstrom  separators, 
and  three  Witherill  machines,  giving  a  daily  capacity  of  about 
400  tons  of  concentrates,  which,  Avheu  the  machines  are  not  over- 
crowded,  usually  run  from  iU^f  to  05;^  iron  and  Sv/.  to  .7^ 
phosphorus. 

Since  the  present  separating  phuit  has  been  so  successful,  the 
company  is  erecting  a  second  one  to  the  north  of  the  first,  which 
is  to  have  a  daily  capacity  of  500  tons. 

In  the  new  separator  the  ore  is  crnshed  to  the  proper  size  in 
jaw  crushers  and  rolls,  dried  in  a  vertical  dryer  and  then  passed 
through  the  Witherill  machin(^^.  no  Wendstrom  separators  being 
employed  in  this  case.  It  is  ])robable  tliat  the  new  works  will 
be  in  oi)eration  by  November  1902. 
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The  ore  from  the  Harmony  or  A  sliaft  on  the  new  bed  runs 
from  .1^  to  .3^  of  phosphorus  and  hence  can  be  shipped  in  its 
crude  form. 

In  I^farch  1902,  a  new  shaft,  known  as  the  B  shaft,  was  begun  at 
a  point  about  500  feet  south  of  the  A  shaft.  About  250  feet  of 
glacial  drift  were  penetrated  before  bed  rock  was  struck.  This 
occurred  at  the  end  of  August  1902. 

Considerable  prospecting  with  diamond  drills  has  been  done 
during  the  12  months  ending  September  1902,  and  some  addi- 
tional beds  of  good  ore  have  been  found. 

The  Port  Henry  Iron  Ore  Co.  has  continued  shipments  from 
its  mine,  no.  21.  This  goes  in  part  to  the  furnace  at  Port  Henry, 
which  went  into  blast  again  in  February  1902  and  is  now  being 
operated  by  the  Northern  Iron  Co.,  with  an  output  of  100  to  125 
tons  a  day.  The  product  is  chiefly  Bessemer  pig  and  in  part 
foundry  iron. 

The  blast  furnace  at  Crown  Point  still  remains  inactive. 
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Brocton,  natural  gas,  r68. 

Brondart,  William,  r46. 

Brotsch,  F.  A.,  r82. 

Brower,  Elsworth,  r97. 

Brower,  F.  W\,  rlOO. 

Brower,  H.,  rlOO. 

Brown,  H.  S.,  r79. 

Brown  farm,  Colton,  rl24. 

Brush,  Charles,  r96. 

Brush  Bros.,  r53. 

Brushton,  sandstone  quarry,  rll8. 

Buckley,  Keron,  r98. 

Budlong,  Mrs  Helen  S.,  rlOO. 

Buffalo,  trade  conditions,  r42;  lime, 
stone  quarries,  r48 ;  sand  and  gravel, 
r57 ;  natural  gas,  r65,  r66. 

Buffalo,  Rollevue  &  Lancaster  R.  R. 
Co.,  roO. 

Buffalo  Brick  Manufacturers  Associa- 
tion, r53,  r54. 

Buffalo  Cement  Co.,  r48,  r52,  r56, 
r66. 

Buffalo,  Rochester  <fe  Pittsburg  Rail- 
road, gravel-pit,  r96. 

Building  materials  of  western  New 
York,  r42. 


Building  stone,  of  Monroe  county,  r79; 
of  Oneida  county,  rll5;  of  Onon- 
daga county,  rl09-11;  of  St  Law- 
rence county,  rll8;  of  western  New 
York,  r43-50. 

Burgess,  John,  r57. 

Burnette,  B.  W.,  rlOO. 

Burret.  Charles,  r96. 

Burritt,  D.  C,  r97. 

Bushman,  Ivan,  r98. 

Bushneirs  Basin,  sandpits,  i92,  r99. 

Busti,  natural  gas,  r68. 

Butler  farm,  Colton,  rl24. 

Buttery  quarry,  r50. 

Button,  R.  D.,  rll2. 

Calcifefous  sandrock,  r30,  r31. 

Caledonia,  natural  gas,  r64;  cement 
industiy,  r90;  iron  mines,  rl20,  rl21. 

Calkins,  Daniel,  estate,  r47. 

Canaseraga  Oil  &  Gas  Co.,  r71. 

(^anawaugus,  cement  industry,  rOl. 

Canton,  graphite  mine,  rl23;  iron 
mines,  rl21 ;  iron  pyrites,  rl24;  lime- 
kilns, rl20;  marble  quarry,  rll9; 
mica,  rl24;  sandstone  quarries,  rllS. 

Carl.  A.  R.,  r49. 

Carney  Ore  Mining  Co.,  rl21. 

Carpenter,  R.  C,  analyses  of  TuUy 
limestone  and  Hamilton  shale,  rl07. 

CarroU,  J.  E.,  r57. 

Carroll  Bros.,  r53,  r57. 

Carroll  (township),  natural  gas,  r69. 

CartersviUe,  sand  and  gravel  industr 
r99. 

Casey  &  Murray,  rSl . 

Cashbum,  George,  r97. 

Castile  Salt  Co.,  r61. 

Castner  Electrolytic  Alkali  Co.,  r6' 

Cattaraugus  county,  economic  geoL 
r42;  jiatural  gas,  r70. 

Caustic  soda,  r62-63. 

Cayuga  I^ake  Cement  Co  ,  rl07. 

Cayuga  Salt  Co.,  r60,  r61. 

Celadon  Roofing  Tile  Co.,  r54. 

Cement  industries,  report  on,  r 
Monroe   county,   r90-92;  of 
daga   county,   rl  12-13;   of   v 
New  York,  r55-56. 

Chadwick  Bros.,  r43. 
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Chambetlaio,  Jenks  &  Roberts,  r]23. 

Ghamberiain,  W.,  &  Co.,  rl23. 

Ghamberlam,  W.  D.,  rll9. 

CSuunberUn,  T.  C,  cited,  r22,  r31. 

CShamberSi  George,  r81. 

CSuunben  Sp  Casey,  r80. 

CSiampliun  area,  water  levels,  r9.      ^ 

CShamplain  valley,  evidences  of  sub- 
meigeiice,  r8. 

CSiailotte,  sand  and  gravel  pits,  i97. 

Ghateaugay  Iron  Mining  Co.,  rl21. 

Obautauqua,  natural  gas,  r68. 

Chautauqua  county,  economic  geology^ 

•    x42;  natural  gas,  r67-70. 

Ghaiy  limestone .  of  8t  Lawrence 
county,  rll8. 

Cheektowaga,  quarry,  r48. 

Chemung  formation,  r47. 

CbiU,  clay  industry,  r82,  r86;  gravel- 
pits,  t98. 

Cbipmunk  field,  r73. 

Ghxist,  J.,  r80. 

Church, ,  rl20.. 

Churchville,  gravel-pits,  r97. 

Ckpp,  Edwin  P.,  r77,  i98. 

darence  Gas  Co.,  r66. 

Oarence  Stone  &  Lime  Co.,  r52, 
r53. 

Clarke,  Frederick  A.,  r47. 

Garke,  Melvin  A.,  i94,  r98. 

Clarkson,  sand  and  gravel  pits,  r96. 

dartoson  Sandstone  Co.,  rll8. 

Clay,  analysis,  i92;  at  Alpine,  rl07;  of 
Monroe  county,  r76,  r78,  r82-86;  of 
Onondaga  county,  rlll-12;  in  Sen- 
eca Falls,  rl07. 

Clay  products  of  western  New  York, 
r63-54;  producers  of,  r54. 

Climactichnites,  rlO. 

Clinton,  glacial  drainage,  rll ;  channels 
west  and  northwest  of,  r24-25; 
channels  east  of,  r25-26;  limestone 
quarry,  rll5;  mineral  water,  rll 7. 

Clinton  formation,  rS;  in  Monroe 
county,  r76. 

Clinton  iron  ore,  rll6. 

Clinton  waters,  delta  plains,  r40. 

Close  farm,  Colton,  rl22. 

Coates,  J.  B.,  rll7. 

Cobb,  William,  sandpit,  i92. 


Coe,  Mrs  Anna,  r97. 

Coldwater,  sandpits,  r98. 

Cole,  George,  rl21. 

Coler,  Bird  S.,  r43.  • 

CoUamer,  J.  B.,  rl05. 

Collins,  natural  gas,  r67. 

Colton,  marble  quarry,  rll9;  limekiln/ 
rl20;  talc  mine  near,  rl22;  mica, 
rl24;  tourmalin  near,  rl24. 

Columbia  county,  field  Work,  r8 ;  miner- 
als, rl5. 

Conboj'^,  William  H.,  r51. 

Conley,  F.  E.,  Stone  Co.,  rll5. 

Connell,  W.  J.,  r69. 

Constantia,  glass  sand,  rll 5. 

Convict  labor  on  roads,  r51. 

Cook,  E.  H.,  &  Bros.,  rll6. 

Cook,  Edward,  r47. 

Cook,  George,  rl07. 

Cook,  William,  r46. 

Corfu,  natural  gas,  r64. 

Comiferous  (Onondaga)  limestone,  r65 
r69,  rl08.     See  also  Onondaga  lime- 
stone. 

Corning,  brick  and  terra  cotta  works, 
rl07. 

Coming  Fuel  &  Heating  Co.,  r71. 

Cosman,  Henry,  r97. 

Costello,  John,  rl  10,  rill. 

Cottons,  gypsum  quarries,  rll 2. 

Coughlin,  Thomas,  rllO. 

Covey  Hill,  Canada,  r9. 

Cowaselon  lake,  r  19-20. 

Cowles,  Horace  M.,  r82. 

Craig  colony  for  epileptics,  r54. 

Crary,  Mrs  Mar>'  C,  r96. 

Crippen,  Dean,  r96. 

Crowe,  Michael,  r49. 

Crump,  S.  J.,  r99,  rl05. 

Crushed  stone,  r51-52;  producers  of, 
r52. 

Crystal  Salt  Co.,  r61. 

Crystalline  rocks  of  Adirondacks,  r6J 
of  southeastern  New  York,  rS;  at 
Little  Falls,  r30,  r31. 

Cuba  Gas  Co.,  r71. 

CuUen,  Mrs  Katharine,  r99. 

Cummuigs  Cement  Co.,  r56. 

Gushing,  H.  P.,  survey  of  crystalline 
rocks  of  Adirondacks,  r6. 
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Cutter  &.  Bailey,  r48. 

CuylerviUe,  salt  plaDt  abandoned,  r61. 

Darling,  Everett,  rlOO. 

Danon,  jN  H.  eited,  r30. 

DavidBOQ  Bros,  marble  quarry,  rl  19. 

Dfl\T9,  Tom,  Tl20, . 

DawB3,  Charles,  r!l6. 

Dawson, 'W.jN!*. 

Dean,  William,  rtr. 

De  Floe,  Henry,  rSS,  r98.  , 

De  Frees,  Charles,  r96. 

De  Graff,  L.  A.,  r43,  r52. 

De  Graff  A  Hoberts,  r43. 

DeKalb, sandstone  quarry,  rll8;  lime- 
kilns, rl20;  talc  mines,  rl22;  diopsid 
from,  rl23;  iron  pyrites,  rl24. 

Dell,  Gua,  rflS. 

Delta  plains,  r39-ll. 

De  Nike,  George  H.,  rll7. 

Denning,  H.  C,  i9". 

Depew  limeBloiie  quarry,  r4!). 

De  Peyster  suiidstone  quarries,  rllS; 
iron  pyrites,  v\'l\    tourmalin,  rl24. 

De  Roller.  Amos,  r97. 

Despatch,  sandpit,  r96. 

De  Witt,  limestone  quarries,  rl  1 0 : 
■    gypsum  quarries,  rll4. 

Diamond  Wall  Cement  Co.,  rUll. 

Dicki'Hson,  KdwarJ,  rOT. 

Dickerson  &  Hell,  ro2. 

Dietfii'hKip's  Sims,  r53. 

Diopsid  of  St  Lan-rencQ  county,  r!23, 

Douglass.  John  A,,  tW. 

Downey,  Dp,  r45. 

Dry  Brook,  petroleum,  r73. 

Duff.  W.  I!.,  rtiS. 

Duncan,  John  H.,  r60. 

Dunfee,  Jnlm&Co.,  r81. 

Dunkirk,  trade  conditions,  r42;  clay 
products,  r53. 

Dunlop,  Robert,  rII0,rll4.    '.      ■    jj 

Durhamvllle,  glasjsand,  rll6.  J    ',.j, ' 

Dutchess  county,  field  work,  rS.    \.  |-  \ 

Bagle  Hari>or,  sandstone  quarries,  r43. 

r44,  r4.1;natur;dftiii',  r63. 
East   Aurorn,   deltas,    rl!;   sand-jtone 

quarry,  r4S;  natural  pas.  r66. 
■Cast  Hamlin,  gravel-pits,  (!tfi. 
East  Lanc'isier,  natural  gas,  rCfi. 


Eaton  hill,  hifch-level  channels  on,  r2.t. 
Eckel,  E.  C,  study  of  cr}'!4nlline  rocks 

■of  southeastern  New  York,  rS;  field 

TN'ork,  tS, 
Economic  geology,  report  on,  rl3. 
E!conomic  geolugy  ot  Monroe  county 

*nd  contiguous  territory,   by  C.  J. 

^ia^le,  r75-106. 
Economic  geology  of  Oneida  county, 

by  C.  H.  Smyth  jr.  rllS-lT. 
Economic    geology    of    western    New 

I'ork,  by  I    P  Bishop,  r42-74. 
Economic    products   of   St    Lawrence 

county,  by  W.  N.  Logan,  rl  18-24, 
Ed.^!,  deltas,  rll. 
Edw.irds,  talc  mines,  rl22. 
Egypt,  sand  and  gravel  pits.  rfW. 
Elder,  Mrs  F.  E.,  rflS. 
Ellsworth,  Horace,  rllis, 
Ellwanger  &  Barry,  rl04, 
Ehna,  deltas,  rll 
Ely  Mortimer  rflS. 
Empire  Gas  &  Fuel  Co.,  r7I. 
Empire    Portland    Cement    Co,.    r56, 

rn2. 
Empire  Salt  Co.,  r61. 
Empire  State  Salt  Co.,  rfiO,  r61,  tfl2. 
F.rie  basin,  glacial  phenomena,  rll. 
Eric   coimly    cconiimi     geoloiry.   r43; 

bric-kiiiaking   interests,    r53;    lime- 
kilns, r55;  natural  gaa,  r65. 
Erie  County  Penitentiary,  r52. 
Erisman,  A.  G.,  r48. 
Erisnian  farm,  Bowmansville,  r66. 
Erwin,  natural  gas,  r72. 
Essex  county,  mineral  developments 

at  Mineville,  rl  25-26. 

Faircldld,  Herman  L,,  field  work,rlO; 

Glacial  Waters  from  On«da  to  UvAt 

Falls,  rl7-41 
Fairport,  sand  and  gravel  pits,  rfl9. 
Falkner  Daniel  r99, 
Fallon,  Peter,  rU9. 
Fancher,  E.  F„  r43. 
Fancher  &  Cornwall,  r43. 
Fancher  &  Delaney,  r45. 
Fancher  A  Newaome,  r43. 
Fancher  &.  Vincent,  r43. 
Fargo,  deltas,  rll. 
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FftTT,  Alexander,  rl24. 

Gates,    Lock  port     dolomite    quarries. 

Fftirand,  William  H.,  r45. 

rSO;  lime  industry,  rSS,  r89;  sand 

Fftyetteville,    kilna    and    miUs,    rllO! 

and  gravel  pits,  rfl4,  r98;  peat  de- 

gj-paum quarrieB  cear,  rlH. 

posits,  rl04. 

Felt,  Joseph,  r9a. 

Gay,  Robert,  r85. 

Ferguson,  Erv-y,  tS6. 

Gehras.  Anna,  r48. 

Feyler,  E.,  t66. 

General  Crushed  Stone  Co.,  r52. 

Fiegel,  A.,  r55. 

Genesee  county,  economic  geology,  r42; 

FilkiDS  &  Gorman,  r45. 

natural  gas,  r64. 

Fiah,  Horace  M.,  r49. 

Genesee  Salt  Co.,  r60,  r61,  r62. 

FiBh  Creek,  glaaa  aand,  rU6. 

Genesee  shales,  rlOS. 

Fishell,  Benjamin,  r9S. 

Genesee  Valley  Biuestone  Co.,  r46. 

Fleming,  G.,  rl24. 

Geolt^c     map,     published    and     dis- 

Fliix,  r53. 

trihut«d,  tfi.                                                    I 

Foerv  i  Kaatner,  r79,  rS2. 

Geology,  report  on,  r6-13.                                    1 

Fogdsonger,  R.  &  H.,  rSO,  r55. 

GesI,  John,  jr,  r48.                                            1 

Ford, -,  r45. 

Getzviile  group,  r66.                                         1 

Forest  Lawn,  gravel-pita,  rlOO. 

Gifford,  A.  L.,  rlie.                                           " 

Forest  Lawn  Cemetery,  rSO,  r52. 

Foster,  George,  rl23. 

cited,  r33.                                                              ^j 

Fowler,  talc  mine,  rl22. 

Gilbert  pit,  r«5. 

Fox  &'HoUoway,  r57. 

Gilmore,  S.,  plaster  mill,  r63.                                  1 

Francis,  H.  W.,  r64. 

Gilaon,  Edward,  rl  18. 

Frankfort,  glacial  depoeits,  r22;  plain 

Ginegaw,  Charles,  tOS.                                              | 

northwest  of,  r36. 

Glacial   drainage,    invesfigations   con-               { 

Franklin  Iron  Manufacturing  Co.,  rl  16. 

corning,  rS,  rll-13.                                             1 

Franklin  Springs,  iron  ore,  rllfl;  min- 

Glacial waters  from  Oneida  to  Little 

eral  water,  rll6,  rlI7. 

Falls,  by  H.  L.  Fairchild,  rJ7-41.                   | 

Franklin ville,  sandstone  quarries,  r^lG, 

Glacial  waters  in  western  New  York,        ^1 

r47. 

rl2-13.                                                         ^M 

Fredonia,  deltas,  rl  1 ;  sandstone  quarrj-. 

Glaciomohawk  waters,  r38.                          ^^| 

r46;  natural  gaa,  r67. 

Glass,  Heman,  rl06.                                       ^H 

French,  George,  rQT. 

Glass  sand  of  Oneida  county,  rl  15-16.         ^1 

GtenSidtCo.,  r60,  r61. 

Friedman,  X.,  estate,  r50. 

Globe  Salt  Co..  r61. 

Goodrich  estate,  Albion,  r43. 

troleum,  r73. 

Goodspccd  farm,  r70. 

Frontier  Brick  Co.,  r54. 

Gorham,  natural  gas,  r64, 

FuUer,  A.,  rl22. 

Gorsliue,  U.  H.,  r86. 

Fuller  farm.  Amity,  r73. 

Goraline,  W.  H.,  r88. 

Fullerville,  talc  mines  near,  rl22. 

Goiiinlock,  W.  C,  r62. 

OHneBTiUe  Salt  Co.,  r61. 

r61. 

Garbutt,  William  D.,  r97. 

Gouverneur,    marble    quarries    near, 

Gsrbutt,  plaster  mines,  rlOO. 

rll9,  r]20;  apatite  from,  rl22;  iron 

Gwbnttsville,  gypsum  quarries,  rll4. 

mines,    rl20;    limekiki    near,   rI20; 

Gftriftnd,  Morey  C,  rIO.5. 

taJc  mines,  rl22 

Garnet,  of   St  Lawrence  county,  rl23. 

Gouverneur^Garnet    &    Lead    Mining 

Garretsee,  John  R.,  rl04. 

Co.,  r]21,rl23. 

I    Oatenby,  John,  r97. 

Oouveraeiir  Marble  Co..  rll9. 

rl32 
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Gowanda,  sand  and  gravel,  r57;  nat- 
ural gas,  r67. 

Gowanda  Gas  Co.,  r67. 

Graaf ,  William  J.,  r53. 

Granger,  petroleum,  r74. 

Granites,  r6. 

Graphite,  of  ^t  Lawrence  county,  rl23. 

Grattan  &  Jennings,  r50. 

Gravel  industry  of  western  New  York, 
r57;  of  Monroe  county,  r76,  r77,  i92- 
100;  of  Onondaga  county,  rll3. 

Graves,  Byron  J.,  r97. 

Greece,  sandstone  quarry,  rSO;  peat 
deposits,  rl05 ;  sand  and  gravel  pits, 
r95,  r97,  t98,  rlOO 

Green  farm,  Malone,  rll8. 

Greenleaf,  Halbert  S.,  i97. 

Greenwood,  petroleum,  r74. 

Greigsville,  salt  mines,  r59. 

Grenville  rocks,  area  of,  r7-8. 

Gunnville,  lime  kiln,  r55. 

Gutenbury,  Theodore,  r49. 

Gutherlet,  George,  r98. 

Guthrie,  Edwin,  r72. 

.  Gwinne,  C,  r45. 

Gypsum,  of  western  New  York,  r63;  of 
Monroe  coimty,  r76,  rlOO-3;  of  On- 
ondaga county,  rll3-14. 

.  Haag,  Jacob,  r98. 
Haag  Bros.,  pit  r94. 
Haake  &  Son,  r53. 
Hale,  L.  F.,  rll8. 
Hale,  Oscar,  rll8. 
Hall,  Peter,  r97. 
Hall  &  Sons,  r54.      , 
Halley  farm,  High  Falis,  rl21 . 
Hallock  Bros.,  rl05. 
Halloway  estate,  Medina,  r43. 
Hamburg,  deltas,  rll. 
Hamilton  shales,  rl08;  analysis,  rl07. 
Hamlin,  Eugene,  r47. 
Hamlin  farm,  Colton,  rl24. 
Hanaway    Falls,    sandstone   quarries, 

rll8. 
Harris,  Darwin,  r99. 
Harris,  Richard,  r97. 
Harter,  John  V.,  r99. 
Hartley,  Edward,  r99. 
Harvey,  Miles,  r71. 
Haskeil,  A.  W.,  r50. 


Haslip,  Robert,  r97. 

Hastings,  Grant,  rl21. 

Hatch,- E.  A.,  gravel-pits,  r99.  ^ 

Hawley  Salt  Co.,  r61. 

Hazen,  George,  r97. 

Hebbs,  James,  r99. 

Hebner  &  Son,  r43. 

Heffer,  David,  i95,  i98. 

Heimes,  Anthony,  r99. 

Heimlich,  John,  r55. 

Helageas  farm,  De  Kalb,  rl22. 

Helderberg  limestone  of  Oneida  county, 

rll5. 
Hematite,  rl21. 
Henchen,  Mrs  Virginia,  rlOO. 
Henderson,    T.   H.   jr,    acknowledg- 
ments to,  rlO. 
Hendricks,  Steve,  rl24. 
Henrietta,  roads,  r93;  day  industry . 

r82;  sand  and  gravel  pits,  t98. 
Herkimer,  glacial  deposits,  r22. 
Herkimer  lake,  r22-23. 
Hermon,  iron  pyrites,  rl24. 
Hewes,  George,  r69. 
High  Falls,  iron  mines,  rl21 ;  graphite 

mine,  rl23;  mica  near,  rl24. 
High  Falls  Pyrite  Co.,  rl24. 
Hill,  Harris,  r55. 
Hiller,  J.,  r48. 
Hilton,  John,  r50,  r54. 
Hilton,  W.  E.,  r64. 
Hilton,  sand  and  gravel  pits,  i96,  i97, 

rlOO. 
Hinds,  M.  Katherine,  r45. 
Hindsburg,  sandstone  quarries,  r45. 
Hinnan,  A.,  i96. 
Hiscock,  George  W.,  rlOO,  rl04. 
Hockens,  L.,  rl24. 
Hodge,  Mrs  F.,  rll2. 
Holbrook,  C.  T.,  rl23.  > 

Holbrook,  C.  T.,  Co.,  rl22. 
Holley,  sandstone  quarries,  r43,  r44, 

r45. 
Holmes,  C.  H.,  r55. 
Honeoye    Falls,    limestone    quarries 

near,  r81 ;  sand  and  gravel  pits,  i08f 

r99. 
Hopkins,  Robert,  i99,  rl06. 
Hopkins,  T.  C,  Mineral  Resources  of 

Onondaga  Coimty,  rl09-14. 
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I  Boron  estate,  Medina,  r43. 
Horsehcnds,  brick  works,  rl07, 

iward,  Mra  Daniel,  r99. 
Howard,  Judson,  rlOfi. 
HoweU,  L,  D.,  r49. 

Hudson  Valley,  evidences  of  submer- 
gence, rS. 

BulbuTton,    Handatone    quarries,    r43, 
r44,  riS. 
I  Hvimphrey,oilpooL  r72. 
Hunt,  J.  F.,  t60. 
Hunt,  Steidien,  iW. 
Huntington,  Hra  George,  i95,  iQ8. 
Hold  lime  Kiln  Co.,  r89. 


m  rocks,  li. 

JSaa,  ^ftciol  deporite,  r22. 
Kodependence,  ntttunil  gaa,  r71 ;  petro- 
.  leum,  r74. 

Indtan  Falls,  gypcum,  t63. 
XntemationAl  Salt  Co.,  r59. 
■  bttMBotionAl  Talc  Co.,  rl22. 
Irom^wk  river,  r22,  r31,  r33,  r34, 

138,  r39. 
fron  mining  at  Hineville,  Essex  co., 

rl25-2e. 
Iron  ore,  of  Oneida  county,  rll6;  of 

St  Tjawrence  county,  rl20~-21. 
Iron  pyrites  of  St  Lawrence  county, 

r124. 
Irondequoit,  sand  and  gravel  pits,  r98, 

rlOO. 
Iroqaots  Portland  Cement  Co.,  t90,  tfl2 
Iroquois  Salt  Co.,  rOO,  r61,  r62,  t65. 
Irvbig's  Mills,  petroleum,  r73. 
Ithaca,  salt  manafacturers,  r61,  i62; 

cement   works   near,  rl07;   mineral 

developments  in  the  region  around, 

rl07-«. 
'  Ithaca  group,  r47. 
Ithaca  ttd  Brick  ic  Tile  Co.,  f107. 
Ithaca  Salt  Co.,  rfil. 

Jaibm  Bros.,  r45. 
Jamestown,  natural  gas,  r69,  r70. 
Jwnestown  Shale  Paving  Brick  Co., 
i«4. 

Janweville,  limestone  quarries,  rllO, 

rtll;  gypsum  quarries  near,  rll4. 
Jeffrey  Manufacturing  Co.,  rl03. 
fmike,  Dennia  M.,  r70. 


Jewettville  Pressed  Brick  Co.,  r54. 
Johneon  Bros.,  rl21. 
Johnsonburg,  natural  gaa,  t65. 
Jones,  William  H.,  i95,  r98. 
Jones  A  Co.,  r45. 
Jordan,  natural  gas,  r63. 
JordoD,  Mrs  Edwin  B.,  t99, 

Eaeser,  Lawrence,  r50. 

Kaiser,  Franz  Joseph,  r98. 

iCates,J.  W.,  r47 

Kamery,  Henry,  r46.  i 

Kearney  &  Barrett,  t45. 

Keenan,  John,  r97. 

Keeney,  N.  B.,  r49,  r52. 

Keith,  Charles,  r68.  * 

K«th,  a.  B.,  r68,  r69,  r70. 

KeUey,  William,  rl24. 

KeUy,  Ezekiel,  r70. 

Kelly  Bros.,  rl  09. 

Kemp,  J.  F.,  mentioned,  r7, 

Kennedy,  natural  gas  near,  r70. 

Kent  Comers,  quarry,  rll9. 

Keyea,  Wayland  A.,  rJ05. 

Keyes  estate,  Holley,  r43. 

Kiantone,  natural  gas,  r69. 

Kieffer,  Martin,  r49. 

Kingsbury,  Frank,  r97,  rlOl. 

Kirkland  Mineral  Spring  Co.,  rll7. 

Kirlcpatriek,  W.  J.,  rlOO. 

Klem,  Peter  D.,  r99. 

Knapp,  Omrles  H.,  rflfl. 

Lackawanna  Salt  Co.,  r61. 

Lake  George  valley,  geologic  voric,  rO, 

Lalone,  John,  rl23. 

Lambertson,  sandstone  quarry,  r47, 

Lamaon  &  Leason,  r89. 

Lancaster  Brick  Co.,  r53. 

Lancaster  Light  &  Conduit  Co.,  r66. 

Lancaster-Depew  Natural  Qas  Co.,  r66. 

Lansing  &  Son,  rll4. 

Laooa,  sandstone  quarry,  r47. 

Lauer,  F.  C,  r89. 

Lauer  &  Hagamun,  r79,  r89,  i96,  lOO. 

Lead  of  St  I^awrence  county,  rl21. 

Leary,  J.  C,  rll9,  rl20. 

Leet,  W.  D.,  r47. 

Leroy,  limestone  quarries,  r49;  lime- 
kilns, r55;  salt  production,  r59,  i61, 
tW:  natural  gaa,  r64.       , ,.  ^j  ,  j 
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Leroy  Stone  Co.,  r50. 

Levalley,  John,  r45. 

Leverctt,  Frank,  mentioned,  rll. 

Lewiston,  limestone  quarry  near,  r49. 

Lily  Dale  Portland  Cement  Co.,  r56. 

Lime  industry  of  western  New  York, 
r55;  in  Monroe  county,  r76,  r88-90; 
of  Onondaga  coimty,  r  112-13;  of  St 
Lawrence  county,  rl20. 

Limestone  quarries  of  western  New 
York,  r48;  of  Monroe  county,  r79; 
at  Waterloo,  rl07;  of  St  Lawrence 
county,  rll8. 

Limestone  (town),  petroleum,  r73. 

Lincoln  Park,  sandpits,  r98. 

Lincoln  Park  Sand  Co.,  r94,  i98. 

List,  Katherine  M.,  rlOO. 

Little  Falls,  glacial  waters,  r22;  rock 
barrier,  r22,  r30-33. 

Little  Falls  quadrangle,  rl9. 

Little  Valley,  natural  gas,  r70. 

Livingston  county,  natural  gas,  r64; 
marl,  r76;  cement  industry,  r90. 

Livonia,  salt  mines,  r59. 

Lockport,  sandstone  quarries,  r45; 
limestone  quarries,  r48,  r49;  lime- 
kiln, r55;  sand  and  gravel,  r57. 

Lockport  dolomite,  in  Monroe  county, 
r76,  r78,  r79,  r80 ;  weight  of  cord,  r89. 

Logan,  W.  N.,  Economic  Products  of 
St  Lawrence  County,  rl  18-24. 

Long,  William  P.,  r99. 

Long  lake  sheet,  mapping  of,  r6. 

Lower  Helderberg  limestone  of  Onon- 
daga county,  rl  10-11. 

Lower  Helderberg  shales,  rl08. 

Ludlow ville,  salt  plants,  r60,  r61. 

Lycoming  Calcining  Co.,  rlOO,  rl02. 

Lyndon,  gypsum  quarries  near,  rll4. 

Lynn,  Thomas,  r92,  r98. 

Lyth,  John,  &  Sons,  r54. 

Mabbett,  F.,  r47. 

Mabon,  Charles  E.,  r49. 

Macadam,  r79. 

Macadamizing  roads  of  Monroe  county, 

contracts  for,  r81-82. 
McCam,  Samuel  C,  r98. 
McCarthy,  Jerome,  r43. 
McCarthy  farm.  Friendship,  r73. 


"Mcaintock,  J.  Y.,  r93. 
McCormack,  Adelbert,  r43. 
McCusker,  Mat.,  r54. 
McCutcheon,  C.  H.,  t58, 
McDowell,  Benjamin,  i98. 
McEhx>y,  Patrick,  rl09. 
McEwen,  Charies  E.,  rd8. 
McMurray,  J.  C.  &  A.,  r54. 
Macomb,  lead  ore,  rl21 ;  apatite,  rl22; 

graphite  mine,  rl23. 
McQuaid,  Bishop,  r80. 
McVean,  Cameron,  r97. 
Madison  county,  gypsum  quarries,  rll2. 
Magnetite  ores  at  Mineville,  rl25. 
Mahar,  Patrick,  i98. 
Maimer,  C.  J.,  rl20. 
Malone,  sandstone  quarries,  rll8;  iron 

ore  near,  rl21. 
Manlius,  limestone  quarries,  rllO,  rill. 
Manlius  Center,  gypsum  quarry,  rll4. 

Manser, ,  rSO. 

Mansfield,  natural  gas,  r70. 

Maplewood  brickyard,  r85. 

Marble  quarries  of  St  Lawrence  county, 

rl 18-20. 

Marcellus  shale,  r64,  rG9,  rl08. 

Marl,  analysis,  i92;  at  Alpine,  rl07;  in 
Livingston  county,  r76,  r90;  in  Mon- 
roe county,  r76,  r78. 

Marley  farm,  near  Bowmansville,  i^ 

Marsh,  Edward,  r80. 

Massena,  limestone  qiiarries,  rll8. 

Maxfield,  Herbert  A.,  r99.  ^ 

Mayer,  Joseph,  r47. 

Mayville,  natural  gas,  r68. 

Medina,  sandstone  quarrien,  r43,  r44, 
r45. 

Medina  Quarry  Co.,  r43,  r52, 

Medina  sandstone,  r8;  quarries,  r43- 
44,  r45,  r52;  in  Allegany  c^pnty,  r63; 
in  Erie  county,  rd6;  in  livingston 
county,  r64;  in  Monroe  county,  r76, 
r78,  r80. 

Meeskill,  Fxiward,  i97. 

Meeskill,  John,  r96. 

Mendon,  gravel-pits,  i98^  i99,  rlOO; 
peat  deposits,  rl05. 

Mendon  Center,  gravel-pits,  i08,  i99. 

Merrick,  C.  A  L.,  rill,  rll2. 

Merritt,  E.  A.,  Sandstone  G6.,  rllS. 
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Ifearing,  Bftrney,  T49y  r55. 

Mica  of  SI  Lawtence  county,  rl24. 

Ifiddkrporty  tandstoiie  quarrief,  r45. 

IGlea  fann,  Scio,  r74. 

MSL  Gxove,  limekilns  near,  r55. 

Wlkit,  Herman,  r79. 

IfiDer,  Ifn  John,  i^. 

]fiDerSaltOo.,i61. 

IQDb,  W.  S.,  r73. 

Mineral  developments  in  the  region 

aioand  Ithaca,  by  Heinrich  Rles, 

rl07-^ 
Minflfal  developments  at  Mineville,  by 

Heinrich  Ries,  rl25-26. 
Ifineral  resources  of  Onondaga  county, 

by  T.  G.  Hopkins,  rl09-14. 
Ifineral  water  of  Oneida  county,  rll6- 

17. 
Ifineralogy,  curatorial  work,  rl4-15; 

field  work,  rl5;  publications,  rl4; 

repent  on,  rl4-15. 
Wneville,   mineral  developments   at; 

by  H^nrich  Rles,  rl25-26. 
Ifinsie,  Peter  J.,  r97. 
mtchell,  Calvin,  rl23. 
Ifoesdiler,  Otto,  r95,  r98. 
Mohawk  river,  r31,  r38-39;  gradation 

plains,  r39. 
Mohawk  river  valley,  glacial  waters, 

rl9;  glacial  drainage  from  Oriskany 

▼alley  to,  r25-30;  features,  r30-38. 
Monk,  William,  t99. 
Monroe  county,  contracts  for  macad- 
amizing roads,  r81-82. 
Monroe  county  and  contiguous  terri- 
tory, economic  geology,  by   C.   J. 

Sarie,  r75-106. 
Mooera    quadrangle,  determination  of 

shore  Unes,  r9;  glacial  deposits,  r9; 

"Flat    Rocks,"  rlO. 
Moore,  George  R.,  r46. 
Mooire,  John,  r45. 
Moran,  Thomas,  r98. 
Morley,  C,  r54. 
Morrison  &  Whitney,  rl20. 
Morton,  sandpits,  r96. 
Moselle,  Aaron,  r54. 
Mount  Morris,  salt  plants  abandoned, 

rOl ;  natural  gas,.  r64. 
Mud  Creek  OU  &  Gas  Co.,  r70. 


Mudge,  Albert,  r97,  rlOl. 
Munger,  Andrew,  r68. 
Murray,  Daniel,  rllO. 
Murray,  J.,  rl24. 

Napier,  John,  r47. 
National  Salt  Co.,  r59,  r61,  r62. 
National  Wall  Plaster  Co.,  rll4. 
Natural   gas,    r63-72;   of   Onondaga 

county,  rll4. 
Natiu-al  Gas  Co.,  r71. 
Nellis,  J.  B.,  r79,  r89. 
New,  Henry,  r97. 
New   York   city,    offices   of   Medina 

Quarry  Co.,  r43. 
New  York  Paving  Brick  Co.,  rill. 
New  York  Sewer  Pipe  Co.,  r86. 
Newcomb,  S.,  rl24. 
Newfield,  brick  plant,  rl07. 
Newman,  H.  L.'  &  W.  C,  r56. 
Newsome  &  Co.,  r45. 
Niagara  county,  economic  geology,  r42. 
Niagara  Falls,  limestone  quarry  near, 

r49;  limekiln,  r55;  caustic  soda  and 

bleaching  powder  companies,  r62. 
Niagara  Falls  Power  Co.,  r58.     • 
Niagara  formation,  r8,  r48,  r49,  r50. 
Niagara  Light,  Heat  and  Power  Co., 

r66. 
Nice,  P.  H.,  r50. 
NichoUs,  B.,  rl20. 
Nickerson  marble  quarry,  rll9. 
Ninemile  creek,  r36,  r37. 
Nixon,  S.  F  ,  r68. 
Norfolk,  limestone  quarry,  rllS. 
North  Clymer,  sandstone  quarry,  r47. 
North  Collins,  natural  gas,  r66. 
North  Rush,  sand  and  gravel  pits,  r9S. 
Northern  Iron  Co.,  rl26. 
Northern  New  York  Marble  Co.,  rll9. 
Northumberland  volcanic  plug,  r8. 
Norton  Oil  Co.,  r74. 
Norwood,  limestone  quarry,  rll8. 

Oakfield,  gypsum  mills  near,  r63;  gyp- 
sum quarries,  rll4. 

Oatka  Chemical  Co.,  rl03. 

Oatka  Mining  Co.,  r60. 

O'Brien,  William,  r43. 

Ogden,  sand  and  gravel  pits,  r97,  rlOO) 
peat  deposits,  rl04. 
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Oil  wells,  r72-73. 

Olds  farm,  Macomb,  rl23. 

Olean,  trade  conditions,  r42;  sandstone 
quarries,  r46,  r47;  clay  products,  r53; 
natural  gas,  r71. 

Oneida,  low-level  channels  from  Oneida 
to  Rome,  r25. 

Oneida  coimty,  economic  geology,  by 
C.  H.  Smyth  jr,  rll5-17. 

Oneida  quadrangle,  rl9. 

Oneida  valley,  glacial  drainage  from 
Oneida  valley  to  Oriskany  valley, 
r23-25. 

Onondaga  county,  mineral  resources, 
by  T.  C.  Hopkms,  rl09-14. 

Onondaga  Indian  reservation,  quar- 
ries, rl09. 

Onondaga  limestone  of  western  New 
York,  r48,  r49,  r50,  r52;  in  Monroe 
county,  r77,  r81;  near  Ithaca,  t108; 
of  Onondaga  county,  rl09-10.  See 
also  Comiferous  (Onondaga)  lime- 
stone. 

Onondaga  Pottery  Co.,  rill. 

Onondaga  Vitrified  Brick  Co.,  rill, 
rll2.* 

Ontario  Talc  Co.,  rl22. 

Orchard  Park,  natural  gas,  r66. 

Oriskany  Falls,  Helderberg  limestone, 
rll5. 

Oriskany  lake,  r20. 

Oriskany  quadrangle,  rl9. 

Oriskany  sandstones,  rlOS. 

Oriskany  valley,  theoretic  levels  in, 
r39;  glacial  drainage  from  Oneida 
valley  to,  r23-25;  glacial  drainage 
from  Oriskany  valley  to  Mohawk 
valley,  r25-30. 

Orleans  county,  economic  geology,  r42 ; 
natural  gas,  r63. 

Orleans  Sand  Stone  Co.,  r45. 

Orton,  Edward,  cited,  r67. 

Oswego  county,  glass  sand,  rll5. 

Pack,  George  W.,  rill. 
Paddock,  Sid.,  rllS. 
Page,  D.  M.,  r64. 
Page  &  Brainard,  r54. 
Page  &  Darrin  gas  well,  r72. 
Palmer,  Lucy,  rl05. 
Palmer,  Milton,  rl04. 


Paragon  Plaster  Co.,  r211,  rll4. 

Pardee,  E.  S.,  rlOO. 

Parma,  sand  and  gravel  pits,  r96,  r97, 
rlOO;  sandstone  quarry,  rSl;  peat 
deposits,  rl04. 

Parma  Center,  gravel-pits,  r97. 

Parma  Comers,  gravel  and  sand,  r97. 

Pavilion  Salt  Co.,  r61. 

Peacock,  John,  rlOO. 

Pearl  Salt  Co.,  r61. 

Peat  deposits,  in  Monroe  county,  r76, 
r78,  rl03-6. 

Peckham,  William  F.,  r97. 

Pedley,  William,  r98. 

Pekin,  limestone  quarries  near,  r49. 

Penfield,  sand  and  gravel  pits,  r99 ;  peat 
deposits,  rl06. 

Penny,  W.  J.,  r74. 

Perinton,  sand  and  gravel  pits,  r99. 

Perry,  Fred,  r45. 

Perry,  William,  rl23. 

Perry,  sandstone  quarries,  r47 ;  salt  pro- 
duction, r60,  r61 ,  r62 ;  natural  gas,r65. 

Perrysburg,  natural  gas,  r67. 

Perry  ville,  plaster  mill,  rll2. 

Petroleum,  r72-73. 

Pfaudler  Vacuum  Fermentation  Co., 
r95. 

Philips,  A.,  r68. 

Phillips,  Mahlon,  r95,  r98. 

Phillips,  Marcus  H.,  r43. 

Phoenix  Salt  Co.,  r61. 

Pierce,  Samuel.  rlOO. 

Plerrepont,  iron  mines,  rl21. 

Piflfard,  salt  production,  r60,  r61,  r62. 

Pike's  quarry,  r79. 

Pit,  Gilbert,  r98. 

Pittsford,  Lockport  dolomite,  quarry, 
r80;  sand  and  gravel,  r99;  peat  de- 
posits, rl05. 

Plaster  mines,  of  Monroe  county,  rlOO. 

Pledger,  John,  rlOO. 

Pleistocene  geology,  work  in,  r8. 

Point  Abino  Sand  Co.,  r57. 

Pomfret,  sandstone  quarry,  r47. 

Port  Henry  Iron  Ore  Co.,  rl26. 

Portage  formation,  r47,  rlOS. 

Portland,  deltas,  rll. 

Portland  cement  plant,  on  eastern 
shore  of  Cayuga  lake,  rl07« 
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Foat^acul  marine  invarian,   history 

of.iS. 
PotKlaai  Bandatone,  crustaoean  tnuls, 

rlO;  of  St  Lawrence  county,  rllS, 
Pottery  days,  rill. 
Potteiy  induatry  o(  Monroe  county, 

Pmtt,  O.  S.,  r7l. 
Prailer,  O.  C,  rflS. 
Fnducera'  Oaa  Co.,  r71. 

Furdy  A.  F.,  rl  fl. 

Putnam  county  minerals,  rl 6. 

Fyritee  of  St  Lawrence  county,  rl24. 

Qxiaxxj  industry  of  woBtern  New  York, 
rtS-SO;  of  Monroe  county,  r78-82. 

BainaEford,  J.  A.,  iSO,  rfiS,  rlOO. 

Rambert,  Charle§,  r89. 

Randolph,  natural  gas,  r70. 

Rann,  Horace,  r97 

Rapier,  Samuel,  r57. 

RauBoh,  MaLthew,  r97- 

Red  House  gas  field,  iTO. 

Beed,  F.  B.,  r«9. 

Seed  &  Allen,  r45. 

Beeee  farm,  Ainity,  r74, 

Beinh&rdt,  Valentine,  r98. 

Remington  Salt  Co.,  i6I,  r63. 

Remington  salt  plant,  rlOfl. 

Renscb,  Mm  Julia,  rl05. 

Rensselaer  Falls,  iron  pyrites  near, 
rl24. 

Retsof  Mining  Co.,  r69,  ri(2. 

Reynolds,  — ,  r43. 

Rice,  E.  I.,  rltO. 

Rich,  James,  rlOO. 

Richmond  counly,  minerals,  rl5. 

Hies,  Heinrich,  report  on  cement  in- 
dustries, rl3;  Notes  on  Mineral  De- 
velopments in  the  Re^on  around 
Ithaca,  rl07-S;  Notes  on  Recent 
Hiner.tl  Developments  at  Mine vi  lie, 
tl25-26. 

Higa,  gravel-pits,  ifl7. 

RiggB,  Frank,  r47. 

Ripley,  natural  gas,  r6S. 

Roads,  convict  labor  on,  r5I. 

Roberts,  J.  A.,  r43. 

Robins,  Henry  S.,  r99. 

Robinson,  W.  H.,  rl06. 


Rochester,  center  of  various  industriea, 
r78;  clay  industry  r82;  lime  indus- 
try, r88;  peat  deposits,  rI03,  rl05, 
rl06;  pottery  industry,  r86;  quarry 
industry  r7a;  Hand  and  gravel  in-' 
dustry  r92,  r98,  r99,  rlOO;  sewer 
pipe  industry  r86. 

Rochester  Brick  &  Tile  Co.,  rS3. 

Rochester  German  Brick  &  Tile  Co., 
r85. 

Rochester  Junction,  gravel-pits,  rSS,- 
r99,rl00. 

Rochester  Lime  Co.,  r89. 

Rochester  Sewop  Pipe  Co.,  r86. 

Rochester  shale,  in  Monroe  county,  r76. 

Roek,  — ,  acknowledgment.'!  to,  rlO. 

Sock  Glen,  sandstone  quarrj-,  r46;  salt 
works,  r62. 

RockviUe  sandstone  quarries,  r47. 

Rogers,  Joseph,  r97. 

Rogerson,  J  C,  r*3. 

Rome,  glacial  drainnge.rll;  low^vd 
channels  from  Oneida  to,  r25;  i^us 
eand,rll5,  rll6. 

Root,  Charles  H.,  rlM. 

Root  farm,  Colton,  rl22. 

Rose,  C.  C,  r65. 

Rose,  Henry,  i98. 

Rose,  Robert,  r6S. 

Ross,  William,  rfl7 

JloBsie,  lead  ore,  rl2l, 

Jtossie  Iron  Ore  Co.,  rl20. 

Hounds,  Joseph,  r46,  r47. 

Royal  SaJt  Co.,  r61. 

Rupp,  John  B.,  r48,  r52. 

Rush,  peat  deposits,  rlOS;  sand  and 
gravel  pits,  r98.  ' 

Rushville,  natural  gas,  r64. 

Ryan,  John  J.,  r43, 

Ryan,  Matthew,  r45. 

Sackett  Wall  Board  Co.,  rl02. 

St    Ijawrence    county,  minerals,    rl5; 

economic  products,  by  W.  N.  Logan, 

rl  18-24, 
St  Lawrence  Marblo  Co.,  rll9. 
St  Lawrence  valley,  investigations  in, 

r9. 
Salina  formation,  in  Monroe  county. 
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Salt,  r59-62;  production^  in  western 
New  York,  r62;  works  on  Cayuga 
lake,  rl07;  of  Onondaga  county, 
rll3. 

Salt  vale,  salt  plant  abandoned,  r61. 

Sand  industry  of  western  New  York, 
r57;  of  Monroe  county,  r76,  t77, 
r92-100;  of  Onondaga  county,  rll3. 

Sandstone  of  St  Lawrence  county, 
rll8. 

Saratoga,  field  work  near,  rS. 

Sarle,  Clifton  J.,  Economic  Geology  of 
Monroe  Coimty  and  Contiguous  Ter- 
ritory', r75-106. 

Sauquoit  creek  valley,  glacial  waters, 
rl9,  r36;  theoretic  levels  in,  r36,  r39. 

Sauquoit  lake,  r20-21. 

Saxon  farm,  Brishton.  rll8. 

Scarritt,  W.  E.,  r43. 

Schmidt,  George  W.,  r53. 

Schmidt,  John,  r86.   # 

Schoof,  B.,  r49. 

Schrader,  J.,  r93. 

Schrier,  S.,  r48. 

Schroeder,  John,  r96. 

Schuesler,  E.  A.,  r53. 

Schumacher  &  Liederman,  r50. 

Schwalbach,  Casper,  r94,  r98. 

Schwalbach,  Frank,  r94. 

Schwalbach,  John,  r94. 

Schwartz,  F.,  r96. 

Schweney,  John,  r99. 

Scio,  petroleum,  r73. 

Scio  Oil  &  Gas  Co.,  r73. 

Scottsville,  gravel  deposits,  r78,  r96, 
rlOO. 

Scranton  Sand  Co.,  r67. 

Search,  Charles,  r98. 

Searl,  A.,  r47. 

Seneca  Falls,  quarries,  rl07;  natural 
gas,  r63;  bed  of  slip  clay,  rl07. 

Servoss,  Joseph,  r45. 

Setter,  N.,  r50. 

Severance,  F.  M.,  rll4. 

Sewer  pipe  industry  of  Monroe  county, 
r86-88. 

Shafer,  C.  E.,  r96. 

Shaw, ,  r55. 

Shaw,  George,  r98. 

Sheedy,  Thomas  W.,  rllO. 


Sheehan,  J.  S.,  r93,  r98. 

Sheehan,  Michael  D.,  r93,  r98. 

Shelby  Basin,  sandstone  quarries,  r45. 

Short  Tract  village,  petroleum,  r73. 

Sibley,  Hiram,  estate,  r85. 

Sibleyville,  sand  and  gravel  pits,  r98. 

Silver  Creek,  deltas,  rll-12. 

Silver  Springs,  salt  production,  r60, 
r61 ,  r62. 

Skinner  quarry,  r43. 

Slack,  Michael,  r43. 

Smith,  Earnest,  r99. 

Smith,  George  L.,  r96. 

Smith,  Henry  L.,  r82. 

Smith,  L.  C,  rl23. 

Smith,  Mrs  L.  Cornelia,  r94,  r98. 

Smith,  Orton,  r68. 

Smith  &  Reap,  r47. 

Smyth,  Charles  H.  jr,  Economic  Geol- 
ogy of  Oneida  County,  rll5-17; 
cited,  r26. 

Smyth,  Thomas  A.,  r94. 

Soda  ash,  manufacture,  rl09. 

Solvay  Process  Co.,  rl09,  rllO,  rill, 
rll3.       . 

Souter,  M.,  r48. 

South  Greece,  gravel  pits,  r97. 

South  Pennsylvania  Oil  Co.,  r73. 

South  Wales,  sandstone  quarry,  r47. 

Spalding,  M.  W.,  rl21,  rl23. 

Spencerport,  sand  and  gravel  pits,  t97, 
r98,  rlOO. 

Split  Rock,  limestone  quarries,  rl09. 

Sprague,  Halsie,  r99. 

Springville,  natural  gas,  r67;  sand- 
stone quarries  near,  r47. 

Squire,  Alexander  Petrie,  i97. 

Squires,  A.  R.  &  Son,  r45. 

Stafford  limestone,  r50. 

Stainthrope,  C.  N.,  &  Co.,  r40,  r56,  r57. 

Standard  OU  Co.,  r49. 

Standard  Sewer  Pipe  Co.,  r88. 

Steams,  J.  W.,  r65,  r66,  r67. 

Steinwach,  Charles,  r50. 

Stella  Mining  Co.,  rl24. 

Steuben  county,  natural  gas,  r71-72; 
petroleum,  r74. 

Stevens,  E.  E.,  rll9. 

Stockbridge  lake,  r20,  r2SI. 

Stockton,  natural  gas,  r68. 
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SUme^  of  Monroe  county,  r76;  of 
Oneida  oonnty,  rll5;  qnarriee  of 
weetem  New  York,  i43-l^ 

Biorf,  D.»  rl09. 

Slnnib  A  yUsyer,  rSO,  r55. 

BbjkoB,  George,  rl24. 

Suppe,  F.  H^  rll7. 

ENveden,  suid  and  gravel  inte,  iM. 

B#eet,  A«  L.,  r45. 

Sweel,  C.  A..  rlOO. 

Sweety  Mrs  bi.|  rlOO. 

SjfenHeBy  r^ 

''Byn^Heale''  quany,  rSO. 

Sjrraome,  c^adal  drainage,  rll;  lime- 
Btone  quarries  near,  rl09,  rllO;  salt, 
rll8;  sand  and  gravel,  rll3. 

Syraeuse  Pottery  Co.,  rill. 

Tale  industry  of  St  I^wrence  county, 

rl22. 
Talcvflle,  talc  mines;  rl22. 
Tanner,  £.  R.,  r79. 

Ta:i4or, ,  cited,  r36. 

Taylor,  F.  B.,  cited,  r22. 

Taylor,  Frank,  r67. 

Teare,  C,  r80. 

Tennant,  J.  C,  r64. 

Terry,  Frank,  i96. 

Thompkins,  John,  rlOO. 

Tinker,  John,  r81. 

Toby,  M.  P.,  r99. 

Toby,  Reuben,  r99. 

Tonawanda  Brick  Co.,  r54. 

Tonawanda  Iron  &  Stedi  Co.,  r53. 

Tonawanda  Lime  Co.,  r55. 

Topographic  sheets,  r6,  rl9. 

Tourmalin   of  St   Lawrence   county, 

rl24. 
Trabold,  Henry,  r80,  r81. 
TVenton  limestone,  r30. 
Trueedale,  Warren,  r98. 
Tully,  salt  wells,  rll3. 
Tully  limestone,  rl08;  analysis,  rl07. 

Udell,  P.  G.,  r97,  rl04. 

Uebelhoer,  C,  t50. 

Ulster  county,  minerals,  rl5. 

Unger,  Fred,  r67. 

Union  Hill,  sand  and  gravel  pits,  r99. 

Union  Springs,  quarries,  rl07. 

Union  Talc  Co.,  rl22. 


United  Natural  Gas  Co.,  rOS,  r66. 
United  States  Gypsum  Co.,  r63. 
United  States  Talc  Co.,  rl22. 
Utica,  glacial  drainage,  rll;  channels 

south  of,  r26;  channels  southeast  of, 

r27-30;  stone,  rl  15. 
Utica  lake,  r22-23,  r36;  delta  plains, 

r39-40. 
Utica  quadran^e,  rl9. 
Utica  shale,  r27,  r30. 

Vanderhoff  farm,  Crary's :  Mills,  rl21. 
Vandom,  Adalbert,  r97. 
Vernon  Center  lake,  r23. 
Verona,  glass  sand,  rll 5. 
Vienna,  glass  sand,  rll 5. 
Vogt,  J.  B.,  r50. 
Vogt  Brothers,  r80,  rSl. 
Voisard,  Edward  T.,  r48. 
Volcanic  action,  exhibit  to  illustrate 
theory  of,  rl4. 

Wakelee,  R.,  r89. 

Wales  Center,  quarry,  r47. 

Wah^th,  Thomas,  ril4. 

Waltzer,  Joseph,  rlOO. 

Ward,  petroleum,  r73. 

Warner,  brick  manufacture,  rll 2;  ce- 
ment works,  rll2;  natural  gas,  r63; 
natural  mineral  water,  rll 7. 

Warren,  Charles,  rll8. 

Warsaw,  sandstone  quarry,  r46;  salt 
plants,  r60,  r61;  salt  plants  aban- 
doned,  r61. 

Warsaw  Bluestone  Co.,  r46. 

Warsaw  Salt  Co.,  r61. 

Waterlime  in  Monroe  county,  r77. 

Waterloo,  limestone  quarries,  rl07. 

Watertown,  mills,  rll9. 

Watkins,  salt  production,  r60,  r61, 
r62. 

Watkins  Salt  Co.,  r61,  r62. 

Watson,  Thomas  G.,  r49. 

Wayland  Portland  Cement  Co.,  r56. 

Webster,  Freeman,  rl04. 

Webster,  sand  and  gravel  pits,  r99, 
rlOO. 

Weeks,  J.,  rlOO. 

Wellman,  A.  Miner,  r63. 

Wellman,  Mrs  Martha,  r97. 

Wells, ,  rllO.  ;  I 
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Wellsville,  natural  gas,  r71 ;  petroleum, 

r74. 
Westj^Canadii  creek,  r35. 
West  Henrietta,  sand  and  gravel  pits, 

r98,r99. 
West  Potsdam,  quarries,  rll8. 
West  Rush,  gravel-pits,  r9S. 
West  Union,  petroleum,  r74. 
West  Webster,  sand  and  gravel  pits, 

r99,  rlOO. 
Westchester  county,  minerals,  rl5. 
Westcott  Natural  Gas  Co.,  r64. 
Westfield,     deltas,     rll;     sandstone 

quarry,  r47;  natural  gas,  r68. 
Weyer,  O.  W.,  &  Co.,  r54. 
Wheatland,  plaster  mines,  rlOO;  sand 

and  gravel  pits,  r97,  rlOO. 
Wheatland  Center,  plaster  mines,  rlOO; 

sand  and  gravel  pits,  r97,  rlOl.    ^ 
Wheatland  Plaster  Co.,  rl02. 
Wheeler,  B.,  r47. 
White,  Squire,  r46. 
Whiting,  C.  H.,  r45. 
Whitlock,  H.  P.,  Guide  to  the  Mineral- 

ogic  Collections,  rl4. 
Wbitmore,  C.  B.,  r45,  r50,  r52. 
Whitmore,  Rauber  &  Vicinus,  r79,  r80, 

r82,  r84,  r94. 


Wilhelnr,  quarry,  t48. 

Waiette,  F.,  r67. 

Williams,  Dr,  i97. 

Williams,  K.  B.,  r99. 

WiUiams,  William,  rll6. 

Williams  &  Johnson,  rl20. 

Williamsville,  limekiln,  r55. 

Willis,  H.  P.,' acknowledgments  to,  rlOr 

Windhauser,  John,  rlOO. 

Witherbee,  Sherman  &  Co.,  rl25. 

Witkopf ,  Henry,  r49. 

Woodworth,  J.  B.,  field  work,  r8;  his- 
tory of  the  postglacial  marine  in- 
vasion, r8. 

Worcester  Salt  Co.,  r60,  r61,  r62. 

Wray,  William,  acknowledgments  to, 
rlO. 

Wyoming,  salt  mine,  r60;  salt  plant 
abandoned,  r61. 

Wyoming  county,  economic  geology 
r42;  natural  gas,  r64. 

Yates  county,  natural  gas,  r64. 
York,  talc  mines  near,  rl22. 
York  Salt  Co.,  r61. 
Yorkshire  Salt  Co.,  r60,  r61. 
Young,  William,  rl07. 
Youngs,  J.  S.,  r60,  r55. 
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FUBUOATIONS  ^ 

Postage  or  express,  to  {daces  outside  of  New  York  State  must  be  paid  in  addition 
to  the  price  given.  On  10  or  more  copies  of  any  one  publication  20%  discount 
win  be  given,  the  buyer' to  pay  transportation.  Editions  printed  are  only  large 
yywig*»  to  meet  special  clamis  and  probable  sales.  When  the  said  copies- 
an  exhausted,  the  price  for  the  few  reserve  copies  is  advanced  to  thai) 
duurged  by  secondhand  booksellers^  in  order  to  limit  their  distribution  to  cases- 
<rf  SfMdal  need.  Such  prices  are  inclosed  in  brackets  [  ].  All  publications  are  io 
pmier  eoverSy  unless  binding  is  specified. 

MaMniBi  annual  reports  1847~date.    All  in  print  to  iSi^,  joe  a  volums,  75c  im 

doth;  iS^^-date,  ZS^,  doth, 

Hmm  nports  m  made  up  of  the  reports  of  the  director,  geologiit.  paleontologist,  botaidat  and* 
•ntomolotist,  and  museum  bulletins  anc^  memoirs,  issued  as  advance  sections  of  the  reports. 

Qadogfat's  aimual  reports  1881-date.  Rep'ts  1, 3-13, 17-date,  O;  2, 14-16,  Q.- 


sport 
the  4(Hh  museum  rep<Hi.    lite  7th  and  subsequent  reports  are  included  m  the  4  let  and  f el- 
iHbm  museum  reports,  exoept  that   certain  Utnosraphic  plates  in  the  11th  report  (189l> 
and  18th  (1893)  are  omitted  from  the  45th  and  47th  museum  reports. 
Separate  volumes  of  the  f  oHoiwing  only  are  available.  ,  r 

lUport        Prie*  B^wurt  Prie»  Export  Pries 

12   (1892)     $.50  17  S.7fi  20  $  50 

14                      75  18  .76  21  .40 

15,  2v.          2  19  .40  22  .40 

16                   1  ^ 

la  1898  the  paleontologlo  work  of  the  State  was  made  distinct  from  Che  teologie  and  will 
henafier  be  reported  separately. 

Palaontologiat's  annual  reports  1899-date. 

8m  fourth  note  under  Cteolog^'s  annual  reports. 

Bmmd  also  with  museum  reports  of  which  they  form  a  part.  Reports  for  1899  and  1900  may 
be  had  for  20e  each.    Since  1901  these  reports  have  been  issued  as  bulletins. 

BnWmoloffist'a  annual  reports  on  the  injurious  and  other  insects  of  the  State 
of  New  York  1882-date.  • 

Reports  3-18  bound  also  with  museum  reports  40-46, 48-56  of  which  they  form  a  part.  Sine* 
1898  these  f«q;>orts  have  been  issued  as  bulletins.  Reports  3-4  are  out  of  print,  other  reports  witb 
prieesare: 
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Priee 

Report 

Price 

Report 

Price 
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$.50 

8 

$.25* 

.    13 

$.10 
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.30 
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.25 

14  (Ent.  bul.  6) 

15  (      ••          9) 

.20 

5 

.26 

10 

.35 

.16 
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.15 
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.25 

16  (      •*         10) 
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.26 

17  (      ••         14) 
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18  (      ^         17) 

.20 

Reports  2, 8-12  may  also  be  obt^ned  bound  separately  in  cloth  at  25o  in  addition  to  the  prior 
^ven  above. 

Botanist's  annual  reports  1867-dt^e. 

Bound  also  with  museum  reports  21-date  of  wluch  they  form  a  part;  the  first  botanist's  report 
eimeazed  in  the  21st  museum  report  and  is  numbered  21.  Reports  21-24,  29,  31-41  were  not 
piUNished  separately. 

Separate  reports  25-28, 30, 42-50  and  52  (Botany  bulletin  3),  are  out  of  print.  Report  51  may 
be  had  for  40o;  63  for  20o;  54  for  50c.  Since  the  55th  these  reports  have  been  issued  as- 
boUetins. 

Descriptions  and  illustrations  of  edible,  poisonous  and  unwholesome  fungi  of  New  York  have- 
bem  published  in  volumes  1  and  3  of  the  48th  museum  report  and  in  volume  4  of  the  49th,  6l8tr 
82dt  64th  and  55tb  reports.  The  descriptions  and  illustrations  of  edible  and  unwholesome  spcjpiee 
•OBtained  in  the  49th,  51st  and  52d  reports  have  been  revised  and  rearranged,  and.  combined 
irfth  others  more  recently  prepared,  coostitute  museum  memoir  4. 

Museum  bulletins  1887-date.  O.  To  odvariBt  stibscribers,  $2  a  year  or  sot  a 
year  for  those  of  any  one  division:  (1)  geology ^  economic  geology,  minercuogy, 
general  toology,  archeology  and  miscellaneous,  (2)  paleontology,  (3)  botany,  (4> 
mUomology. 

Bulletins  are  also  found  with  the  annual  reports  of  the  museum  as  follows: 

Bulletin        Report               BttUettn        Report               Bulletin  Report 

12-16           48,  V.  1                 20-25           52,  v.  1                 35-36  54,  v.  2 

16-17           50  "                     26-31           53     "                   37-44  "  v.  3 

18-19          61  ••                    32-34          54     "                   45-48  "  v.  4 

49-54  55,  V.  1 
The  figures  In  parenthesis  indicate  the  bulletin's  number  as  a  New  Yoric  State  liuseum  bul- 
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09  (19)  Merrill,  F:  J.  H.  Guide  to  the  Study  of  the  Geological  Gcklection*  of  the 
New  York  State  Museum.  102p.  119pl.  map.  Nov.  1898.  [joe]  New 
ediHonin  preparaiian, 

OS  (91)  Kemp,  J.  F.  Geology  of  the  Lake  Placid  Regioo.  24p.  Ipl.  map. 
Sep.  1898.    5C. 

04  (48)  Woodworth,  J.  B.  Pleietocene  Geology  of  Naisau  Gounty  and  Boioagh 
of  Queens.    58p.  il.  9pl.  map.    Dec.  1901.    jfje. 

G5  (50)  MerriU.  F:  J.  H.  Description  of  the  State  Geologic  Map  of  1901.  42p. 
2  maps,  tao.    Oct.  1902.    loe. 

Oe  Gushing,  H.  P.    Geology  of  the  Vicinity  of  Little  Falls,  Herkimer  Co.    In 

press, 

Crystalline  Rocks  of  the  Northeastern  Adirondacks     In  press. 

Kemp,  J.  F.  Crystalline  Rocks  of  Warren  and  Washington  Ommtiea.  In 
preparation, 

Woodworth,  J.  B.    Glacial  Geology  of  New  York     In  preparation 

Economic  geology.  Sgl(3)  Smock,  J:  C.  Building  Stone  in  the  State  of 
New  York.     152p.    Mar.  1888.    Out  of  print, 

Sg9  (7) First  Report  on  the  Iron  Mines  and  Iron  Ore  Districts  in  the  State 

of  NewYork.    6+70p.  map.    June  1889.    Out  of  print, 
EgS  (10) Building  Stone  in  New  York.    210p.  map,  tab.    Sep.  1890     ^oe. 

Bg4  (11)  Merrill,  F:  J.  H.  Salt  and  Gypsum  Industries  of  New  York.  92p. 
12pl.  2  maps;  11  tab.    Ap.  1893.    ^oc, 

Sg6  (12)  Ries,  Heinrich.  day  Industries  of  New  York.  174p.  2pl.  map  Mar. 
1895.    joc, 

Eg6  (16)  Merrill,  F:  J.  H.  Mineral  Resources  of  New  York.  224p.  2  maps. 
Sep.  1895.    soc. 

Eff7  (17) Road  Materials  and  Road  Building  in  New  York.    62p.  14pl.  2 

maps  34x45,  68x92  cm.    Oct.  1897.    /fc. 

Map8  neparate  loc  ecuih,  2  for  tsc. 

XflrS  (30)  Orton,  Edward.  Petroleum  and  Natural  Gas  in  New  York.  136p. 
il.  3  maps.    Nov.  1899.    ijc, 

Sg9  (86)  Ries,  Heinrich.  Clays  of  New  York;  their  Properties  and  Uses.  456p. 
140pl.  map.    June  1900.    fi,  cloth, 

EglO  (44) Lune  and  Cement  Industries  of  New  York;  Eckd,  E.  C.  CSiap- 

ters  on  the  Cement  Industry.    332p.  101  pi.  2  maps.    Dec.  1901.    Ssc^  eto&. 

Xgll  (61)  Dickinson,  H.  T.  Quarries  of  Bluestone  and  othor  Sandstones  in 
New  York.    108p.  18pl.  2  maps.    Mar.  1903.    jjc. 

ICinaralogy.  Ml  (4)  Nason,  F.  L.  Some  New  York  Minerals  and  th^  Lo- 
calities.   20p.  Ipl.  Aug.  1888     [foc] 

ICd  (68)  Whitlock,  H.  P.  Guide  to  the  Mineralogic  CoUecnons  of  the  New  Yoric 
State  Museum.     150p.  il.  39pl.  11  models     Sep.  1902.    400, 

1C3  (70) New  York  Mineral  Localities.     llOp.    Sep.  1903.    BOc. 

Paleontology.  Pal  (34)  Cumings,  E.  R.  Lower  Silurian  System  of  Eastern 
Montgomery  Ck)unty;  Prosser,  C:  S.  Notes  on  the  Stratigraphy  of  Mohawk 
Valley  and  Saratoga  County,  N.  Y.    74p.  lOpl.  map.    May  1900.    ise. 

Pa2  (39)  Clarke,  J :  M. ;  Simps(A,  G :  B.  &  Loomis,  F :  B.  Paleontolog^e  F^^Mf■  L 
72p.  il.  16pl.    Oct.  1900.     ije. 

ContenU:  Clarke.  J :  M.    A  Remarkable  Occurrence  of  Orthooeras  in  the  O—owta  Bads  of 

the  Chenango  Valley,  N.  Y. 
— Paropsonema  cryptophva;  a  Peculiar  Echinoderm  from  the  Intimwwmt  lone  (Foci" 

ane  Beds)  of  Western  New  York 
— Dictyonine  HeXactinellid  Sponges  from  the  Upper  Devontc  of  N«w  Toffk. 

The  Water  Biscuit  of  Squaw  Island,  Canandugua  Lake,  N.  Y. 

Simpson,  Q :  B.     Preliminar^r  Descriptions  of  New  Uenera  of  PaleoBoie  Ri 
Loomis,  F:  B.     Silurio  Fungi  from  Westera  New  York 

Pa3  (42)  Ruedemann,  Rudolf.  Hudson  River  Beds  near  ASbmof  iftd  their 
Taxonomic  Equivalents.     114p.  2pl.  map.     Ap.  1901.    ^fs. 

Pa4  (45)  Grabau,  A.  W.  Geology  and  Paleontologv  of  Niagara  FaHa  and 
Vicinity     286p.  il.  18pl.  map.    Ap.  1^01.    65c;  doth  qoe. 
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To  the  Regents  of  the  IniversUy  of  the  State  of  Xew  York 

I  have  the  honor  to  submit  herewith  my  report  as  state 
geologist  for  the  fiscal  year  ending  Sep.  30,  1899. 

In  order  to  permit  the  wide  distribution  of  separate  papers^ 
the  report  is  chiefly  administrative.  All  communicated  papers; 
giving  results  of  completed  investigations  are,  so  far  as  possible^ 
issued  as  bulletins  which  can  be  distributed  without  expense  to 
the  museum. 

Respectfully  yours 

Frederick  J.  H.  Merrill 
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GEOLOGY 
The  work  of  the  state  geologist  during  the  10  months  which 
have  elapsed  since  his  appointment  Jan.  1^  1899^  to  succeed  the 
late  Prof.  James  Hall,  has  been  prosecuted  under  his  direction 
by  seven  field  assistants.  The  investigations  in  progress  are 
naturally  grouped  in  three  divisions,  pure  geology,  economic  geol- 
ogy and  the  preparation  for  the  graphic  expression  of  both  in  the 
new  edition  of  the  geologic  map. 

Southeastern  New  York 

The  work  in  pure  geology  has  been  chiefly  devoted  to  the  study 
of  the  crystalline  rocks  in  New  York,  Westchester  and  Putnam 
counties  and  specially  directed  toward  the  completion  of  those 
particular  studies  on  the  crystalline  roclvs  of  southeastern  New 
York  ,begun  by  the  present  state  geologist  in  1881  and  continued 
at  intervals  since  that  time.  Some  results  of  this  work  have 
already  been  published  under  the  titles  of  "  Metamorphic  strata 
of  southeastern  New  York,"^  "  Geology  of  southeastern  New 
Y''ork,"2  etc.  This  work  has  been  of  particular  value  in  view  of 
the  large  commercial  and  educational  interests  now  centered  in 
the  enlarged  area  of  New  York  city  and  has  been  carefully 
elaborated,  with  a  view  to  the  development  of  fuller  detail  and 
accuracy  in  the  geologic  maps  of  Greater  New  York. 

The  investigation  of  the  crystalline  rocks  of  Westchester  and 
New  York  counties  has  been  carried  on  during  the  past  field 
season  by  Mr  Edwin  C.  Eckel,  who  deserves  credit  for  his 
energy  and  the  accuracy  of  his  observations.  Mar.  6,  1899,  he 
commenced  field  work  in  southeastern  New  York.  From  that  date 
till  April  20  he  was  engaged  in  visiting  and  mapping  such  out- 
crops of  the  crystalline  rocks  as  are  now  visible  on  Manhattan 
island.  The  rapid  northward  growth  of  New  York  cit}-  has  re- 
sulted in  the  obliteration  of  many  of  the  outcrops  formerly  noted, 
while  excavations  for  streets  and  the  foundations  of  buildings  are 
continually  furnishing  new  exposures,  many  of  which  are  of  con- 

lAm.  jour.  sci.  3d  ser.  39;  383-92. 
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siderable  scientific  interest.    As  very  accurate,  large  scale  topo- 
graphic maps  were  available,  the  boundaries  of  the  various  form- 
ations were  determined  rather  more  cloeely  than  had  heretofore 
I  been  possible.    Recent  cuttings  for  streets  in  the  northern  part 

I  of  the  island  showed  that  the  crystalline  (Inwood)  limestone  is 

I  injected  in  many  places  with  coarse  grained  rocks  (aplites  or 

pegmatites),  usually  approaching  the  granites  in  mineral  composi- 
tion. One  well  marked  and  somewhat  extensive  type,  however, 
consists  essentially  of  albite  and  quartz.  Specimens  were  taken 
from  all  the  outcrops  visited.  Records  of  borings  made  for  wells, 
foundations,  bridges  and  docks  were  collected. 
I"!  At  the  close  of  this  work  on  New  York  island,  Mr  Eckel  was 

instructed  to  commence  work  in  Westchester  county.  From 
April  20  to  September  20  he  was  employed  in  a  final  review  of 
that  part  of  Westchester  county  lying  south  of  the  line  Dobbs 
Ferry-Whiteplains-Larchmont.  Critical  outcrops  were  exam- 
ined and  specimens  taken,  while  the  boundaries  of  the  various 
rock  areas  were  carefully  traced,  preparatory  to  the  publication 
of  the  final  map  of  the  region  both  in  the  New  York  geologic  folio 
of  the  United  States  geological  survey^  and  in  the  report  of  the 
state  geologist.  This  final  field  work  on  the  Harlem  sheet,  ad- 
visable in  view  of  the  great  importance  of  the  area  mapped,  both 
in  geology  and  commerce,  proved  incidentally  the  great  accuracy 
of  the  "  Geologic  map  of  a  part  of  southeastern  New  York  "  pub- 
lished in  1895.  With  the  exception  of  one  small  belt  of  Inwood 
limestone,  uncovered  by  recent  excavations,  no  features  of  areal 
importance  were  developed  additional  to  those  shown  on  that 
map.  Particular  attention  was  paid  to  the  condition  of  the 
quarry  industry  throughout  the  region  covered,  specially  in  the 
areas  of  Inwood  limestone  and  Yonkers  gneiss.  Statistics  regard- 
ing both  building  stone  and  road  materials  were  gathered  and 
full  sets  of  specimens  collected. 

Late  in  September  the  small  area  of  crystalline  rocks  exposed 
on  the  western  end  of  Long  Island  was  examined  and  mapped 


iThe  geology  of  the  Harlem  sheet  will  be  issued  from  the  office  of  the 
U.  S.  geological  survey  at  Washington  in  the  autumn  of  1901  and  a  dupli- 
cate edition  will  be  issued  at  the  same  time  by  the  New  York  state  printer. 
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accurately.  The  outcrops  show  that  most  of  this  area  consists 
of  a  highly  foliated  quartz  diorite,  intrusive  in  the  Fordham 
gneiss,  the  latter  formation  being  exposed  at  a  few  points  only. 

The  revision  of  the  geology  of  Putnam  county  has  been  out- 
lined by  a  reconnaissance  made  during  August,  September  and 
October  by  Benjamin  F.  Hill,  fellow  of  Columbia  university,  fol- 
lowing on  the  brief  study  of  the  valley  of  the  Hudson  in  Putnam 
and  Orange  counties  made  during  the  previous  summer  by  D.  H. 
Newland.  This  work,  while  technical  in  character,  and  chiefly 
a  contribution  to  our  knowledge  of  the  crystalline  rocks,  is  of 
much  general  interest  in  that  it  is  a  prerequisite  to  the  publica- 
tion of  the  new  geologic  map  of  the  state  of  New  York. 

Adirondack  geology 

Work  in  the  great  field  of  study  of  the  pre-Cambrian  rocks  of  the 
Adirondack  area  has  been  continued  by  three  geologists,  all  well 
known  as  authorities  in  this  branch:  Prof.  J.  F.  Kemp,  of  Col- 
umbia university.  Prof.  H.  P.  Cushing,  of  Adelbert  college,  Cleve^ 
land  (O.),  and  Prof.  C.  H.  Smyth  jr,  of  Hamilton  college. 

The  field  work  in  charge  of  Prof.  J.  F.  Kemp  was  chiefly  done 
by  his  assistant,  Benjamin  F.  Hill,  during  June  and  July.  The 
main  object  was  to  cover  points  not  reached  in  previous  summers. 
Mr  Hill  proceeded  first  to  Sprakers  in  the  Mohawk  valley  and 
studied  the  outlier  of  crystalline  rock  brought  up  by  a  fault  from 
beneath  the  Paleozoic  at  that  point.  He  then  moved  to  Glovers- 
ville  and  explored  the  country  adjacent  to  it.  From  Gloversville 
he  changed  his  base  to  Caldwell  and  mapped  the  crystalline  rocks 
at  the  southern  end  of  Lake  George,  and,  going  thence  to  North 
creek,  gave  special  attention  to  the  geology  of  the  garnet  de- 
posits and  traversed  the  country  just  west  of  Thirteenth  lake. 

Prof.  Cushing's  field  work  commenced  at  Tupper  lake,  Franklin 
county,  proceeding  north  from  there  along  the  New  York  and 
Ottawa  railroad,  following  the  boundary  between  the  anorthosite 
and  the  adjoining  rocks  on  the  west,  which  consist  largely  of 
syenites,  in  the  endeavor  to  determine  the  time  relations  between 
the  two.    A  locality  was  found  near  Tupper  lake  where  a  rock, 
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believed  to  be  augite-syenite,  was  plainly  intrusive  in  the 
anorthosite  at  that  point  and  hence  younger.  No  other  contacts 
could  be  found.  Some  territory,  previously  unvisited,  was 
mapped.  Next  a  section  was  run  across  the  main  anorthosite 
mass  from  Blue  pond  on  the  New  York  and  Ottawa  railroad  to 
Saranac,  by  way  of  Saranac  Inn.  Except  for  frequent  dikes  of 
granite  and  gabbro,  the  anorthosite  extends  unbroken  from  one 
locality  to  the  other.  It  had  previously  been  assumed  to  do  so 
from  its  occurrence  at  the  two  extreme  points.  Incidentally, 
interesting  observations  were  made  on  the  topography  of  the  lake 
belt,  and  some  evidence  of  the  existence  of  a  large  glacial  lake 
in  the  belt  was  gathered. 

The  remaining  time  was  utilized  in  detailed  work  in  that  part 
of  Clinton  county  which  is  comprised  in  the  southern  half  of  the 
Mooers  quadrangle  of  the  topographic  atlas,  constituting  por- 
tions of  Chazy,  Beekmantown,  Altona  and  Dannemora  towns. 
Formation  boundaries  were  mapped  in  detail  and  progress  made 
in  mapping  the  glacial  deposits  of  the  district.  A  detailed  report 
of  the  results  obtained  is  given  hereafter,  and  the  economic 
geology  of  the  area  is  also  discussed.  Quarries  have  been 
recently  opened  on  Hand  hill  and  Dannemora  mountain,  and  a 
boring  for  oil  is  in  progress  at  Morrisonville. 

The  region  studied  by  Prof.  C.  H.  Smyth  jr  embraces  the  town 
of  Alexandria  and  parts  of  Clayton  and  Theresa  in  Jefferson 
county,  together  with  parts  of  Rossie  and  Hammond  in  St  Law- 
rence county.  Wiithin  this  area  are  included  the  well  known 
Thousand  islands  of  the  St  Lawrence  river.  The  rocks  of  the 
region  consist  of  a  continuation  of  the  crystalline  rocks  of  the 
Adirondack  region  together  with  the  Potsdam  sandstone  in  large 
amount. 

The  crystalline  rocks,  which  were  the  main  object  of  study, 
show  the  various  types  found  farther  south,  which'  have  been 
described  in  previous  reports.  The  crystalline  limestone  group, 
or  Oswegatchie  series,  of  this  and  previous  reports  is  exhibited  in 
great  variety,  showing  many  schistose  members  and,  what  is  rare 
elsewhere,  heavy  masses  of  vitreous  quartzite.    This  formation  is 
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penetrated  by  a  complex  assemblage  of  granites  and  granite- 
gneisses,  which,  though  closely  related,  belong  to  at  least  two 
different  periods  of  intrusion.  Still  later  dikes  of  diabase  mark 
the  close  of  igneous  activity,  all  of  which  occurred  during  the 
pre-Cambrian.  The  results  of  the  season's  work  are  perfectly  in 
harmony  with  the  conclusions  drawn  from  earlier  studies  else- 
where in  the  crystalline  area,  and  several  localities  were  found 
which  afford  information  of  great  value  as  standards  of  com- 
parison. 

The  Potsdam  was  studied  only  in  its  relation  to  the  crystallines, 
and  the  conclusion  was  reached  that  the  sandstone  was  de- 
posited on  an  uneven  surface,  analogous  to  the  present  surface 
of  the  crystallines. 

Till  four  years  ago  comparatively  little  work  had  been  done  in 
the  vast  area  of  the  Adirondack  wilderness.  The  geologic 
boundaries  could  not  be  definitely  drawn,  and  the  classified  state- 
ments were  of  questionable  accuracy  and  in  many  cases  out  of 
date.  To  map  this  area  with  some  degree  of  practical  accuracy 
seemed  one  of  the  most  pressing  pieces  of  work  and  of  very  great 
value  in  both  pure  and  economic  geology.  The  study  of  this  field 
was  begun  in  1892  at  the  request  of  the  writer  by  Prof.  J.  F. 
Kemp  and  published  in  the  48th  report  of  the  state  museum. 
Subsequently  the  field  was  in  a  measure  divided  between  Prof. 
Kemp,  Gushing  and  Smyth  under  the  direction  of  Prof.  James 
Hall.  Of  the  particular  detailed  work  of  the  past  summer,  the 
three  observers  in  the  field  have  prepared  individual  reports 
which  are  outlined  above  and  are  given  in  full  in  the  following 
pages.  The  work  of  the  three  preceding  years  has  already  been 
published  in  the  reports  of  Prof.  James  Hall. 

Economio  geology 
In  economic  geology,  my  assistant,  Dr  Heinrich  Ries,  has  com- 
pleted his  revision^  of  the  report  on  Clay  industries,  published  in 
1894,  and  has  spent  a  part  of  the  field  season  in  preparing 
material  for  the  publication  of  a  report  on  lime  and  cement.^  This 
report  has  long  been  needed,  and  will  be  of  much  value  to  the 

^  See  N.  Y.  state  museum.    Bui.  35. 
'See  N.  Y.  state  museum.    Bnl.  44. 
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public.  About  four  weeks  altogether  were  spent  in  the  field  by 
Dr  Ries,  and  the  work  during  this  period  was  along  three  lines: 
first,  a  more  detailed  sampling  of  some  of  the  quarries  than  was 
possible  in  1898  with  the  funds  then  available,  second,  visiting 
some  of  the  lime  and  cement  quarries  which  had  not  hitherto 
been  examined,  third,  the  study  of  the  marl  deposits  of  the  state. 

Several  localities  were  visited  between  Glens  Falls  and  Chazy, 
at  which  latter  locality  some  new  quarries  are  being  opened  that 
may  form  the  basis  of  a  portland  cement  industry  in  that  region. 
In  addition  to  notes  on  the  quarries,  samples  were  collected  for 
analysis,  and  photographs  made  of  the  exposures.  A  number  of 
places  were  also  visited  between  Littlefalls  and  Buffalo,  being 
chiefly  those  where  the  cement  rocks  were  being  worked.  Along 
this  same  general  belt,  marl  beds  were  visited,  as  at  Warner,  East 
Jordan,  Caledonia,  Wayland,  Perkinville  and  Cortland.  The  out- 
crops of  the  Tully  limestone  in  the  Finger  lake  region  were  also 
examined.  A  reconnaissance  was  also  made  across  the  Great 
swamp  from  Albion  to  Batavia  in  the  hope  of  finding  marl  de- 
posits underlying  that  region.  Careful  inquiry  failed  to  de- 
velop the  presence  of  any  along  that  line.  Large  ones  how- 
ever occur  at  Clarendon.  Another  aim  has  been  to  examine  the 
localities  mentioned  by  Beck  in  his  report  on  the  mineralogy  of 
the  state.  Some  of  these,  so  far  as  can  be  determined,  seem  to  be 
wrong,  others  are  correct,  and  some  of  them  have  still  to  be  in- 
vestigated. 

In  addition  to  the  work  of  Dr  Ries,  Prof.  I.  P.  Bishop,  of 
Buffalo,  has  been  occupied  in  the  collection  of  data  regarding  the 
development  of  the  oil  and  gas  territory  in  western  New  York. 
The  investigation  embraced  a  study  of  new  wells  bored  since  1897 
in  northwestern  New  York,  the  collection  of  information  regard- 
ing the  supply  and  permanency  of  gas  in  the  older  fields  and  a 
survey  of  the  oil  and  gas  territory  in  Yates,  Schuyler,  Steuben 
and  Allegany  counties  which  were  not  covered  by  previous  re- 
ports. As  far  as  possible,  the  amount  of  gas  and  the  manner  of 
utilizing  the  supply  have  been  ascertained.  A  surface  map  show- 
ing the  extent  of  the  oil  pools  and  gas  territory  in  southern  Al- 
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legany  county  has  been  prepared  for  publication  and  accompanies 
this  report.  In  addition  to  the  work  already  outlined,  records  of 
a  few  wells  in  Chautauqua  and  Cattaraugus  counties  and  of  the 
Jordan  and  Memphis  wells  near  Syracuse  are  included.  Except- 
ing the  developments  in  Chautauqua  and  Cattaraugus  counties 
within  two  years,  the  work  of  Professors  Orton^  and  Bishop  now 
covers  all  oil  and  gas  territory  west  of  the  meridian  of  Auburn. 
The  reports  of  these  gentlemen  together  with  those  of  J.  N. 
Nevius  on  the  slate  and  emery  industries  form  an  important  con- 
tribution to  the  economic  geology  of  the  state.  While  New  York 
is  not  rich  in  the  precious  metals,  it  contains  mineral  deposits  of 
much  commercial  value,  and  it  is  the  definite  policy  to  put  in 
popular  and  practical  form  all  such  results  of  geologic  investiga- 
tion as  will  be  of  interest  and  value  to  the  inhabitants  of  the 
state,  from  whose  money  this  department  of  the  University  work 

receives  its  support. 

Geologic  map 

In  the  preparation  of  a  new  geographic  base  for  the  new  large 
scale  geologic  map,  of  which  a  preliminary  edition  was  issued  by 
Prof.  James  Hall,  C.  C.  Vermeule  has  been  engaged  during  the 
summer  in  reducing,  by  photography,  the  new  topographic  atlas 
sheets  which  are  being  prepared  by  cooperation  between  the  state 
government  and  the  United  States  geological  survey,  and  making 
from  them  a  tracing  which  will  subsequently  be  reduced  by  photo- 
graphy to  form  a  photolithographic  base  on  the  scale  of  five  miles 
to  the  inch.  In  this  work  only  the  most  reliable  material  will 
be  used,  and,  while  it  is  a  somewhat  slow  process,  the  compila- 
tion, when  completed,  will  be  of  great  value  to  the  citizens  of  the 
state,  not  only  as  a  medium  for  communicating  its  geology,  but 
for  the  ordinary  educational  and  commercial  uses  of  maps. 

As  it  appeared  that  the  edition  first  issued  was  somewhat 
unmanageable  in  character,  being  supplied  only  as  a  wall  map 
mounted  on  rollers,  the  precaution  has  been  taken  to  prepare  the 
new  map  in  sheets  of  only  half  the  size  of  those  adopted  in  the 
first  edition.  These,  either  with  or  without  the  geology,  can  be 
bound  in  an  atlas,  and  for  office  use  or  for  the  ordinary  purposes 

*See  N.  Y.  state  museum.    Bui.  30. 
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of  study  will  be  found  more  convenient  than  a  wall  map.  The 
sheets  are,  however,  so  planned  in  the  details  of  border,  legend, 
etc.,  that  they  can  readily  be  mounted  on  rollers  and  formed  into 
a  wall  map  of  precisely  the  same  scale  as  that  of  the  first  edition. 
In  preparation  for  the  publication  of  a  new  edition  of  the 
economic  and  geologic  map  published  in  1895,  some  preliminary 
drafts  have  been  made  to  determine  what  amount  of  the  avail- 
able geologic  detail  could  be  shown  on  the  scale  of  12  miles  to 
the  inch,  which  has  been  adopted  for  the  new  edition. 

Topographic  sheets 

In  view  of  the  many  inquiries  received  by  the  state  geologist 
in  reference  to  the  topographic  maps  published  by  the  United 
States  geological  survey,  it  has  been  thought  desirable  to  pre- 
pare a  brief  statement  of  the  conditions  of  publication  and  dis- 
tribution of  these  maps. 

For  the  past  18  years  the  United  States  geological  survey  has 
been  engaged  in  making  a  topographic  survey  and  map  of  the 
United  States.  In  most  of  the  older  states  this  work  has  beea 
carried  on  in  cooperation  with  the  respective  state  governments^ 
In  New  York  the  mapping  is  under  the  joint  supervision  of  the 
United  States  geological  survey  and  the  state  engineer  and  sur- 
veyor, the  expense  being  equally  divided  between  the  state  and 
the  federal  government.  The  state  is  entitled  to  gelatin  trans- 
fers from  the  plates  of  the  several  atlas  sheets  whenever  it  de- 
sires to  undertake  the  printing  thereof;  but  because  of  the  better 
facilities  for  this  work  at  Washington,  no  printing  has  yet  been 
done  by  the  state.  Up  to  the  present  time  106  atlas  sheets 
covering  about  two  fifths  of  New  York  state  have  been  pub- 
lished. The  accompanying  index  map  (pi.  2)  shows  the  name 
and  location  of  each  of  these  sheets. 

The  unit  of  map  publication  is  an  atlas  sheet  16^  inches  wide 
by  20  inches  high.  Two  scales  are  used.  One  is  1:62500,  or 
about  1  mile  to  1  inch;  the  other  1:125000,  or  about  2  miles  to 
1  inch.  Maps  of  all  the  areas,  as  surveyed,  are  published 
originally  on  the  first-mentioned  or  mile  scale.     An  atlas  sheet 
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on  this  scale  shows  a  tract  (quadrangle)  15  minutes  in  extent 
each  way,  being  one  sixteenth  of  a  "  square  degree  ",  or  about 
220  square  miles,  the  area  varying  with  the  latitude.  An  atlas 
sheet  on  the  second-mentioned  or  two  mile  scale  is  made  by  the 
reduction  and  combination,  omitting  some  details,  of  four  of 
the  mile  scale  sheets,  and  represents  a  tract  (quadrangle)  30 
minutes  in  extent  each  way,  being  one  fourth  of  a  "  square  de- 
gree ",  or  about  880  square  miles.  A  few  of  these  have  been 
published.  On  the  annexed  map  the  small  rectangles  indicate 
one  mile  scale  sheets.  A  sheet  is  designated  by  the  name  of 
some  well  known  place  or  feature  appearing  on  it.  The  names 
of  adjoining  published  sheets  are  printed  on  the  margins. 

The  maps  are  engraved  on  copper  and  printed  from  stone. 
The  cultural  features,  such  as  roads,  railroads,  cities,  towns, 
houses^  etc.  as  well  as  the  lettering,  are  in  black;  all  water 
features,  swamps,  etc.  are  in  blue;  while  the  hill  features  are 
shown  by  brown  contour  lines,  the  contour  interval  being  20  feet. 

An  act  of  congress  prescribes  that  the  maps  shall  be  disposed 
of  by  sale.  They  are  accordingly  sold  at  the  rate  of  5  cents  a 
sheet.  For  100  or  more  in  one  order,  whether  of  the  same  sheet 
or  of  different  sheets,  the  price  is  2  cents  a  sheet.  All  corre- 
spondence relative  to  the  purchase  of  maps  should  be  addressed 
to  the  Director,  United  States  Geological  Survey,  Washington 
D.  C. 

Museum  work  in  geology 

In  economic  geology  important  progress  was  made  in  the  re- 
arrangement of  the  economic  collection  and  the  installation  of  a 
large  suite  of  specimens  representing  the  petroleum,  salt,  talc, 
garnet,  graphite  and  slate  industries  of  New  York.  The 
geographic  distribution  of  each  material  was,  in  each  exhibition 
case,  illustrated  by  a  small  map. 

In  historic  geology  the  yearns  work  has  been  marked  by  the 
enlargement  of  the  synoptic  collection,  among  the  material  con- 
tributions to  which  may  be  enumerated  the  donation  of  a  series 
of  19  specimens  to  illustrate  the  Carboniferous  and  sub-Carbon- 
iferous of  Pennfiylyania,  by  Prof.  J.  J.  Stevenson  of  the  Univer- 
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sity  of  the  City  of  New  York,  and  four  specimens  representing 
the  upper  and  middle  Washington  limestones  from  Washington 
'  (Pa.),  by  Prof.  Edwin  Linton  of  Washington  and  Jefferson  college, 
Washington  (Pa.).  In  addition  to  the  above,  Mr  Nevius  has  com- 
pleted the  mounting  of  the  large  fossil  plant  collected  at  Monroe, 
Orange  co.  (N.  Y.)  during  the  previous  year. 

In  June  of  the  present  year  Mr  Nevius  resigned  his  position  as 
assistant  curator  to  accept  an  appointment  with  the  San  Carlos 
copper  CO.,  in  Mexico. 

In  conclusion  the  state  geologist  desires  to  express  his  appre- 
ciation of  the  unusual  courtesy  he  has  experienced  from  the  mem- 
bers of  both  houses  of  the  legislature,  to  whom  he  has  had  the 
honor  and  privilege  of  presenting  the  claims  and  needs  of  the 
geologic  work  of  the  state  in  the  matter  of  financial  support, 
and  who  have  received  his  statements  with  an  instant  apprecia- 
tion which  has  given  him  heart  and  courage  quite  as  much  as  did 
the  substantial  appropriations  made  through  their  good  will. 
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BY 

J.  F.  KEMP  AND  B.  F.  HILL 


Dr  F.  J.  H.  Merrill  State  geologist 

Sir:  I  have  the  honor  to  submit  herewith  a  report  on  the  pre- 
Cambrian  formations  in  parts  of  Warren,  Saratoga,  Fulton  and 
Montgomery  counties.  The  field-work  was  chiefly  performed  by 
Benjamin  F;  Hill  in  1899  acting  under  my  direction,  but  the  re- 
port has  been  written  by  myself. 


U  Bee.  1900 


Respectfully 

J.  F.  Kemp 


CONTENTS 

PAGE 

Illustrations   ' r20 

Warren  county r2l 

•     Caldwell r21 

Queensbury r24 

Warrensburg r27 

Saratoga  county r28 

Day  r28 

Edinburg  r28 

Wilton  and  Greenfield r2i> 

Fulton  county r29 

Bleecker r29 

Garoga r3(> 

Johnstown r^; 

Mayfield rS 

Montgomery  and  Fulton  counties r32 

The  ''  Noses  " r32 


ILLUSTKATIONS 

FAcisa 

PLATE  PAOB 

3  Geologic  map  of  town  of  Caldwell,  Warren  county p23 

4  Photomicrographs r24 

5  Geologic  map  of  town  of  Queensbury^  Warren  county. .  .  r26 
G  Geologic  map  of  the  northern  part  of  Saratoga  county.  .  r28 

7  Geologic  map  of  the  northern  part  of  Fulton  county. .  .     r29 

8  Photomicrographs r30 

9  Outline  map  of  the  "Noses,"  Montgomery  and  Fulton  cos.     r32 


New  York  State  Huseom 


PRE-CAMBRIAN  FORMATIONS 

IN   PARTS    OF 

Warren,  Saratoga,  Fulton  and  Montgomery  Counties 

Warren  county 

A  brief  topographic  outline  of  Warren  county  was  prepared 
for  one  of  our  previous  reports.^  Complete  geologic  work  is  still 
handicapped  by  the  lack  of  topographic  maps  in  the  southwestern 
part.  The  following  quadrangles  (i.  e.  the  area  embraced  by  a 
topographic  sheet,  being  15  minutes  of  latitude  by  15  minutes 
of  longitude)  are  wholly  or  in  part  in  Warren  county  and  have 
been  published.  Newcomb,  Schroon  lake,  Paradox  lake  and 
Ticonderoga  just  cross  the  northern  boundary.  Thirteenth 
lake.  North  creek,  Bolton  and  Whitehall  form  the  next  tier  to 
the  south.     Glens  Falls  takes  in  the  southeastern  corner. 

Maps  and  geologic  descriptions  of  the  following  towns  will  be 
found  in  the  report  of  the  state  geologist  for  1897,  the  same 
having  been  prepared  by  J.  F.  Kemp  and  D.  H.  Newland:  Bolton, 
p.  533;  Chester,  p.  535;  Hague,  p.  537;  Horicon,  p.  541;  Thurman, 
p.  543;  Stonycreek,  p.  544;  Luzerne,  p.  546.  There  remain  Johns- 
burg,  Warrensburg,  Caldwell  and  Queens>bury.  John^burg  is  de- 
scribed in  the  report  of  the  state  geologist  for  1898;  Cald- 
well and  Queehsbury  are  contained  in  the  following  pages, 
and  some  notes  are  appended  on  Warrensburg.  We  have  no 
toi)ographic  maps  south  of  the  middle  line  of  Thurman  and  west 
of  Caldwell,  so  that  in  Stonycreek,  Luzerne  and  much  of  War- 
rensburg we  have  been  at  a  disadvantage.  The  w^estern  border 
of  the  county  is  a  wild  and  inaccessible  district,  and  our  observa- 
tions there  have  been  limited. 

Caldicell 

Caldwell  lies  at  the  head  of  Lake  George,  embracing  the  shore 
line  on  both  fiides.     It  is  about  7  miles  long  from  north  to  south 

^  17th  an.  rep't  N.  Y.  state  geologist    1897.    p.  532. 
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and  4  to  5  miles  broad  from  east  to  west.  On  the  northwestern 
corner  its  line  runs  along  the  Schroon  river,  and  the  town  con- 
tains the  watershed  between  the  Hudson  and  the  Lake  George- 
Lake  Champlain-St  Lawrence  drainage  systems.  This  divide 
extends  nearly  but  not  quite  the  entire  length  of  the  town,  in- 
asmuch as  it  veers  to  the  southwest  near  the  southwestern 
corner  so  that  the  outlet  of  a  small  pond  at  this  point  flows  into 
Lake  George. 

As  might  be  inferred  from  the  above  description,  the  topo- 
graphy of  the  town  includes  one  long  ridge  and  one  large 
valley,  the  valley  of  Lake  George.  The  ridge  itself  is  cut  in  two 
by  a  northwest  and  southeast  depression  which  is  occupied  by 
a  large  brook.  The  highest  summits  are  on  the  western  side  of 
this  brook,  and  in  Prospect  mountain,  due  west  of  the  head  of 
the  lake,  the  altitude  is  just  in  excess  of  2000  feet  (exactly  2021) 
above  tide.  The  northeastern  part  of  the  area  is  less  rugged. 
On  the  southeast  the  town  extends  up  on  the  slopes  of  French 
mountain,  whose  steep  front,  presumably  an  old  fault  escarp- 
ment, faces  Lake  George.  This  relation  is  coincident  with  others 
which  have  been  noted  to  the  eastward  as  far  as  Fort  Ann.  All 
the  ridges,  viz,  French  mountain,  the  ridge  of  Buck  mountain. 
Pilot  Knob  and  Sugar  Loaf,  Putnam  mountain  and  the  Pinnacle, 
present  sharp  fault  scarps  to  the  west  and  more  gradual  slopes 
to  the  east.  There  is  little  doubt  that  the  large  features  of  the 
topography  are  conditioned  by  these  factors,  and  that  Lake 
George  lies  in  a  depression  primarily  caused  by  them.  The  faults 
on  each  side  of  French  mountain  come  together  under  the  lake, 
but  the  eastern  one  is  prolonged  in  !N'orthwest  bay  and  in  its 
tributary  valley.  When  the  lake  turns  to  the  northeast  at  the 
mouth  of  the  bay,  it  may  lie  in  a  Orahensmhtmg,  or  the  valley 
formed  by  a  pair  of  faults,  whereby  an  intervening  block  is 
dropped.  Faults  similar  to  the  above  have  been  traced  in 
the  paleozoic  areas  on  the  south  by  N.  H.  Darton,  and,  indeed, 
the  two  on  each  side  of  French  mountain  have  already  been  noted 
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by  him/  The  eaetern  one  can  be  followed  as  far  south  as 
Saratoga. 

To  the  south  of  Lake  George  the  valley  is  filled  with  sand,  and 
every  indication  is  afforded  that  the  lake  formerly  extended  much 
farther  to  the  south.  The  divide  near  Bloody  pond,  between 
the  Lake  George  drainage  and  the  Lake  Champlain  drainage  via 
Glen  lake,  Halfway  creek  and  Wood  creek,  is  almost  imper- 
ceptible. 

The  rock  formations,  or  hard  geology,  of  Caldwell  embrace 
gneiss,  gabbro,  and  calciferoiis  limestone,  and,  if  the  same  pro- 
visional arrangement  in  series  be  followed  as  in  our  previous 
reports,  they  would  be  described  as  follows. 

Series  1  The  gneisses  constitute  the  high  ridges  and  adjacent 
foothills.  The  commonest  variety  is  a  light  colored,  rather 
acidic  rock,  of  which  we  select  specimen  30,  from  the  crossroads 
on  the  lake  shore,  about  3  miles  from  the  head  of  the  lake,  as  the 
typical  case.  It  is  strongly  foliated  and  has  evidently  been  very 
severely  squeezed  in  dynamic  metamorphism.  The  foliation, 
which  is  made  apparent  by  the  dark  silicates,  is  however  due  to 
the  parallel  alignment  of  many  small,  dark  patches,  which  are 
not  continuous.  They  might  easily  result  from  foliation  induced 
by  pressure  in  a  rock  originally  massive  and  provided  with  a 
moderate  percentage  of  dark  silicates.  Under  the  microscope  it 
is  evident  that  the  component  minerals  are  quartz,  microporthite 
and  hornblende,  all  greatly  granulated.  The  mineralogy  shows 
some  marked  resemblance  to  the  syenitic  rocks,  described  by 
H.  P.  Gushing  from  Loon  lake,  in  the  northern  Adirondacks, 
but  the  rock  is  seldom  as  pronounced  a  green,  and  some  hesita- 
tion is  felt  by  us  in  drawing  a  more  emphatic  parallel  than  the 
statement  of  this  mineralogic  resemblance.  If  it  could  be  shown 
anywhere  that  crystalline  limestones  were  interbedded  in  the 
gneisses,  we  would  be  compelled  to  pronounce  them  sedimentary. 

iDarton,  N.  H.     Geology  of  the  Mobawk  valley,  13th  an.  rep't  N.  Y.  state 
geologist.     1893.    p.  409,  specially  425  aud  429.     Preliminary  description  of  the 
fanlted    region   of    Herkimer,    Fulton,    Montgomery    and    Saratoga    counties, 
14th  an.  lep't  N.  Y.  state  geologist.    1894.    p.  30,  specially  p.  52. 
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The  gneisses  are  often  quite  rusty  on  exposed  faces,  more  so 
than  one  would  expect  from  rocks  that  are  so  light  colored  on 
unweathered  surfaces. 

The  other  exposures  of  rocks  falling  under  the  above  descrip- 
tion are  in  order  from  north  to  south  (see  map)  nos.  59,  60,  58,  (30), 
22,  24,  25,  26,  28,  29,  50,  45,  and  65.  No.  49  is  decidedly  more 
basic  and  is  a  pronounced  hornblendic  gneiss,  with  hornblende 
in  great  excess.  These  basic  bands  are  occasionally  noticeable. 
No.  57  is  a  case  in  point. 

The  strike  of  the  gneisses  is  quite  uniformly  n  60°  w  magnetic, 
or  about  n  70°  w  true,  and  this  same  bearing  holds  true  over  a 
wide  area  adjacent  to  the  town. 

Series  2  No  crystalline  limestones  were  observed  in  Oaldwell, 
but  they  are  known  in  neighboring  towns. 

Series  3  The  eruptive  gabbros  are  found  in  two  places,  one  at 
no.  39  on  the  north  and  one  at  23,  northwest  of  the  Prospect 
house,  on  the  mountain  of  the  same  name.  No.  39  is  a  well  de- 
veloped dike  which  is  cut  by  a  pegmatite  vein,  8  inches  thick. 
No.  23  has  been  examined  with  the  microscope.  It  is  greatly 
granulated  and  consists  of  large  crystals  of  plagioclase,  rendered 
opaque  in  the  centers  by  a  dust,  probably  of  spinel  and  pyroxene, 
of  garnet,  hypepsthene,  brown  hornblende,  and  green  augite. 

No  dikes  of  the  common  basaltic  kind  were  observed,  anvwhere 
in  the  town. 

Calciferous  limestone.  Two  exposures  of  this  formation  have 
been  noted,  both  of  which  already  appear  on  the  etate  map.  One 
runs  along  the  shore  of  the  lake  in  the  northeastern  corner  of 
the  town  and  one  appears  at  the  southeastern  corner  of  Lake 
George.  The  latter  may  extend  farther  south  under  the  sands. 
The  rock  is  a  dark,  gray  silicious  variety,  devoid  of  fossils,  and 
the  dip  is  flat.     Each  exposure  is  a  block  dropped  in  by  faulting. 

Queenshury 

Topography.  Queensbury  is  a  very  large  town  of  an  irre- 
gular shape.  It  extends  from  the  Hudson  river  on  the  south 
at  Glens  Falls  to  Lake  George  on  the  north  and  forms  the  shore 
of  the  lake  itself  for  about  4  miles.    The  town  is  15  miles  in 


To  tace  p.  t2A 


Fig.  b  Same  as  fig.  a.  but  [n  polarized  llsht,  with  crossed  Dlcoli 


REPORT   OF   THE    DIRECTOR   AND    STATE   GEOLOGIST  r25 

the  extreme  from  south  to  north  and  about  8  miles  from  east 
to  west.  In  the  southern  part,  except  along  the  western  edge, 
it  is  a  sandy  plain,  through  which  occasional  ledges  of  Ordovician 
strata  appears,  more  particularly  near  the  Hudson.  The  plain  is 
prolonged  to  the  north  in  two  valleys,  one  of  which,  the  smaller, 
traverses  Caldwell  to  the  head  of  Lake  George.  The  other,  which 
is  larger  and  more  open,  extends  northward  on  the  eastero  side 
of  the  township  and  reaches  Lake  George  some  3  miles  from  its 
head.  Both  these  depressions  are  primarily  due  to  faulting,  as 
several  oibservers,  but  more  j)articularly  N.  H.  Darton,  who  is 
-cited  under  Caldwell,  have  already  noted. 

From  the  sandy  plain  and  in  marked  contrast  with  it,  Luzerne 
mountain  rises  abruptly  along  the  western  side,  and  attains  an 
altitude  of  1500  feet  or  more.  It  marks  the  boundary  between 
•Queensbury  on  the  east  and  Luzerne  on  the  west.  Farther  north 
French  mountain  forms  an  abrupt  and  isolated  ridge  along  the 
I)oundary  with  Caldwell  and  separates  the  two  valleys,  just  re- 
ferred to,  which  extend  to  Lake  George.  The  peaks  of  French 
mountain  range  from  above  1400  to  slightly  more  than  1500  at 
the  extreme  crest.  Both  French  mountain  and  Luzerne  moun- 
tain are  gneiss,  while  the  paleozoic  strata  lie  in  the  valleys. 

The  northeastern  boundary  of  Queensbury  runs  along  the  base 
of  a  high  ridge  of  gneiss,  of  which  Sugar  Loaf,  in  the  town  of 
Fort  Ann,  is  the  southern  extremity,  but  which  is  almost  en- 
tirely in  the  latter  town. 

Geology.  The  large  geologic  map  of  the  state  gives  the  dis- 
tribution of  the  geologic  formations  with  such  correctness  that 
it  seems  unnecessary  to  redraw  it  at  this  time.  Our  attention 
being  specially  directed  to  the  old  crystalline  rocks,  we  have 
given  but  passing  notice  to  the  paleozoic  strata.  The  latter  have 
however  been  studied  by  several  observers  within  the  last  few 
jears,  and  as  noted  below. 

Mr  Hill  crossed  Luzerne  mountain  on  the  highway  duo  west 
of  Glens  Falls,  and  collected  specimens  54  and  55,  of  the  gneiss — 
that  is  the  country  rock.  Specimen  55  is  a  green,  granulated  rock 
with  a  well  developed  foliation.  When  examined  microscopi- 
cally, it  is  found  to  be  an  aggregate  of  microperthite,  orthoclase^ 
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quartz,  dark  greenish  brown  hornblende  and  biotite.  It  presents 
all  the  characteristics  of  the  group  of  syenitic  rocks  from  Loon 
lake,  referred  to  above  under  Caldwell.  There  is  so  much  quartz 
present  that  the  rock  is  really  a  granite,  but  we  regard  it  as  a 
metamorphosed  igneous  rock  belonging  to  the  general  group, 
which  Prof.  Gushing  has  identified. 

The  gneisses  at  the  northern  end  of  French  mountain  are  sim- 
ilar to  these  syenitic  types,  but  differ  enough  to  make  one  hesi- 
tate regarding  the  identity.  At  the  south  end  there  is  a  change 
however.  Micaceous  varieties  with  pegmatitic  streaks  are  found, 
and  the  same  is  true  of  the  southeastern  corner  of  the  town  of 
Caldwell,  but  more  complete  observations  would  be  necessary 
in  order  to  work  out  the  relations. 

Of  the  paleozoic  strata  no  Potsdam  sandstone  has  been  found 
in  the  town,  but  it  may  exist  beneath  the  later  strata,  having 
been  dropped  out  of  sight  by  faulting.  The  Calciferous  appears 
along  the  east  side  of  French  mountain,  as  observed  by  Mr 
Darton^  and  on  the  state  map  the  entire  valley,  despite  the 
mantle  of  sand,  is  colored  as  Calciferous.  This  would  seem  to 
be  an  error,  as  Mr  Hill  observed  gneiss  in  the  ridge  which  is 
crossed  by  the  first  east  and  west  road  south  of  Brayton,  and 
that  meets  French  mountain  near  its  middle  point.  The  limita- 
tions of  the  gneiss  were  not  fully  explored,  and,  indeed,  there  is 
so  much  sand  all  through  the  valley  that  the  hard  geology  is 
largely  a  matter  of  inference. 

The  Trenton  strata  occupy  the  southeastern  corner  of  the 
town  and  are  well  exposed  in  quarries  at  Glens  Falls.  Prof. 
Prosser  records^  56J  feet  of  undoubted  Trenton  in  the  quarries 
of  Finch  and  Pruyn,  with  2  additional  feet  of  limestone  of  un- 
certain affiliations  at  the  base.  In  the  south  bank  of  the  river 
there  is  about  38  feet  of  higher  lying  beds,  SiS  shown  by  Dr 
Prosser's  section  below  the  paper  mill.^  Mr  Darton  has  also  re- 
corded the  presence  of  a  small  outlier  of  Trenton  beds  along 
the  northeastern  border  about  2  miles  south  of  East  bay.    Mr 

'48th  an.  rep't  N.  Y.  state  museum.     1894.    2:52. 
2  Bui.  N.  Y.  state  museum  no.  34.    v.  7.    p.  480. 
» p.  482. 
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Hill  did  not  happen  to  see  this,  and  we  have  no  farther  details 
to  add  to  the  previously  published  description/ 

The  glacial  and  post-glacial  deposits  and  the  recent  geologic 
history  of  this  town  are  of  surpassing  interest,  but  they  have 
not  been  sufficiently  studied  by  vis  to  be  described  at  length. 
It  is  evident  that  Lake  George  once  penetrated  much  farther 
up  the  depressed  valleys  than  it  does  today,  and  that  to  it  is 
largely  due  the  great  accumulation  of  sands.  In  the  rearrange- 
ment of  the  drainage  systems  following  the  close  of  the  glaeial 
period  eome  very  peculiar  situatious  have  sprung  up.  Halfway 
creek,  for  example,  has  its  rise  in  Luzerne  mountain  and  flows 
eastward  over  the  sandy  plain,  being  at  one  point  less  than  2 
miles  from  the  Hudson.  It  then  strikes  awav  off  to  the  north- 
east,  crosses  Fort  Ann  and  discharges  into  Wood  creek  and  Lake 
Champlain.  To  what  extent  the  glacial  and  post-glacial  depos- 
its have  modified  earlier  relations  between  Lake  George  and  the 
Hudson  is  a  subject  demanding  very  thorough  stud3\2 

^Ya^rensl)uvg 

Our  work  in  Warrensburg  has  only  been  of  a  very  fragmentary 
character,  and  we  must  await  the  issue  of  the  U.  S.  geological 
survey  map  of  the  quadrangle  south  of  the  Xorthcreek  sheet  to 
give  us  a  satisfactory  base  of  observations.  The  town  is  a 
long  and  narrow  one.  In  the  extreme  from  north  to  south  it  is 
about  16  miles.  As  a  maximum  it  is  G  miles  from  east  to  west, 
but  at  the  village  of  Warrensburg  it  is  scarcely  more  than  2. 
The  town  is  divisible  into  two  sharply  contrasted  parts.  The 
northern  lies  between  the  valleys  of  the  Schroon  and  Hudson 
rivers  and  is  a  blunt  wedge  of  hilly  country,  whose  highest 
summits  are  between  IGOO  and  17U0  feet  above  tide,  and  about 
1000  above  the  rivers.  The  wedge  i^  about  10  miles  from 
north  to  south.  The  southern  part  is  not  such  a  sharply  marked 
topographic  unit,  but  consists  of  the  western  slopes  of  th<3  ridge 
which  forms  the  divide  between  Ihe  Hudson  and  the  head  of 

*48th  an.  rep't  N.  Y.  state  museum.     1894.     2:52. 

'The  question  h^s  been  briefly  treated  by  G.  F.  Wright.     Science,  Nov. 
22,  1895,  p.  675. 
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Lake  George.  D.  H.  Newland  in  1897  traversed  the  country 
from  Chestertown  to  Warrensburg  village  along  the  main  high- 
way, and  noted  gneiss  with  occasional  masses  of  gabbro.  Mr 
Hill  in  1899  crossed  from  Bolton  to  the  Schroon  valley  and  fol- 
lowed south  through  Warrensburg  village  along  the  river.  He 
noted  the  usual  gneiss  of  Caldwell  but  was  impressed  by  the 
remarkable  terraces  along  the  Schroon  river.  One  appears  on 
each  side  about  20  feet  above  the  stream  and  indicates  an  ap- 
parent rise  in  the  land  or  the  cutting  of  some  barrier  that  has 
lowered  the  old  outlet  level. 

Saratoga  county 

Some  notes  have  been  gathered  regarding  the  nature  of  the 
gneisses  in  Saratoga  county,  which,  though  fragmentary,  will 
be  of  interest,  because  they  were  made  along  the  southern  bor- 
der of  the  pre-Cambrian  areas,  and,  in  many  cases,  just  as  the 
ancient  crystallines  disappeared  under  paleozoics  or  under  drift. 
Unfortunately  no  topographic  maps  are  as  yet  available  in  the 
crystalline  areas  of  this  county,  and  the  lack  of  them  has  been 
a  great  handicap  to  accurate  field  work. 

Day 

Day  is  the  extreme  northwestern  town  of  Saratoga  county, 
and  by  mistake  it  andHadley  were  mentioned  in  our  report  (1897) 
as  being  in  Warren  county.^  Only  the  eastern  part  of  Day  was 
there  taken  up,  and  it  was  described  as  consisting  of  gneiss  and 
glacial  drift.  The  same  is  true  of  the  western  part.  Mr  Hill 
has  made  a  trip  to  Mud  lake  in  the  northwest  part  of  the 
town,  and  finds  only  gneiss.  The  commonest  variety  consists 
of  biotite,  quartz,  feldspar  and  light  pink  garnets.  At  times 
the  garnets  disappear.  Dark  hornblendic  varieties  were  much 
more   rarely  observed.     The  strike  at*  Mud  lake  is  north    and 

south. 

Edinhurg 

Edinburg  lies  south  of  Day  and  is  gneiss  and  drift  except  for 

a  narrow  belt  of  Potsdam  along  its  southwestern  border.      The 

I  ■         ■  ■ 

^olst  an.  rep't  N.  Y.  state  museum.     1807.    p.  546. 
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gneiss  begins  near  the  northeast  bend  of  the  Sacondaga  river,  at 
Fish  house,  and  extends  thence,  eastward  and  northward,  across 
the  town.  To  the  west  of  Batchellorsville  a  very  light  colored, 
garnetiferous  feldspathic  variety  was  gathered,  that  has  been 
severely  granulated  and  sheared,  but  as  a  rule  the  rock  appears 
to  be  the  micaceous,  garnetiferous  variety  noted  under  Day. 
The  garnetiferous  gneiss  is  extensively  developed  in  Steele  moun- 
tain to  the  southeast  of  Batchellorsville,  and  has  been  observed 
beyond  Mt  Pleasant  in  Greenfield.  It  seems  to  be  quite  char- 
acteristic of  this  general  region,  and,  as  will  be  noted  later,  it 
is  very  abundant  at  the  ''  Xosets ''  in  Montgomery  county.  It 
would  appear  to  be  an  altered  sediment. 

Wilton  and  Greenfield 

A  large  ridge  of  gneiss  runs  along  the  border  of  these  two 
towns,  which  embraces  Mt  McGregor  and  thence  runs  nortJiward 
in  Luzerne  mountain.  It  is  hornblendic  and  varies  in  strike  from 
n  40  w  to  n  and  s.  Its  dip  is  steep,  and  its  general  character 
is  the  same  as  has  been  described  under  Queensbury. 

Fulton  county 

Fulton  county  lies  west  of  Saratoga,  south  of  Hamilton  and 
north  of  Montgomery.  It  is  roughly  rectangular  in  shape,  with 
its  greatest  dimensions  extending  east  and  west.  It  contains 
the  southern  limits  of  the  old  crystalline  rocks  in  this  part  of 
the  Adirondack  area  except  for  the  small  faulted  outlier  at  the 
"  Noses ".  The  edge  of  the  crystallines  runs  in  a  southwest 
direction  across  the  country  and  follows  the  escarpment  of  the 
"  Noses  "  fault,  the  older  rocks  being  brought  up  by  it  against 
the  paleozoics  on  the  east.  The  topographic  maps  thus  far  pre- 
pared only  touch  this  county  along  its  southern  border  and 
scarcely  affect  the  gneisses. 

Blcecker 

Bleecker  is  a  rectangular  town  in  the  center  of  the  north- 
ern tier  of  Fulton  county.  It  lies  wholly  within  the  area  of 
gneiss  and,  except  for  the  ever  present  glacial  drift,  it  displays 
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no  other  formations.  The  northern  part  of  the  township  is  wild 
and  unsettled,  but  the  central  and  southern  parts  are  well  opened 
by  roads.  Our  observations  have  been  chiefly  limited  to  the 
latter,  but  there  is  little  doubt  that  the  same  rocks  cover  all  the 
area,  unless  gabbro  dikes  give  local  variety.  Topographically 
the  township  consists  of  a  series  of  ridges  with  intervening  val- 
leys. 

Specimen  5  from  the  southwestern  comer  is  a  micaceous  gneiss 
of  the  general  mineralogy  of  granite.  Pegmatite  lenses  run  par- 
allel with  the  foliation.  The  strike  ifi  n  20  w  magnetic.  No.  6, 
from  a  point  2  to  3  miles  north  and  on  the  western  border,  is  a 
dark,  massive  gneissoid  rock,  probably  one  of  the  syenitic  series 
that  is  so  largely  developed  in  the  townships  just  north  in  Ham- 
ilton county.  Related  types  occur  in  Garoga  township  at  8  and 
7.  No.  9,  from  near  the  center  of  the  township,  is  a  most  in- 
teresting rock.  To  the  eye  alone  it  is  a  very  finely  laminated 
quartzose  gneiss,  almost  a  quartzite.  It  has  been  greatly  mashed 
and  granulated.  Under  the  microscope  it  is  chiefly  quartz,  but 
contains  in  addition  abundant  needles  of  sillimanite  and  not  a 
few  garnets.  (See  pi.  8,  fig.  a.)  It  is  quite  certainly  a  metamor- 
phosed sandstone,  which  contained  originally  considerable  alu- 
minous  material  and  some  lime.    Its  strike  is  n  80  w  magnetic. 

No.  10,  from  the  east  end  of  Tannery  pond,  is  a  micaceous 
gneiss,  consisting  chiefly  of  copper  colored  biotite  and  greenish 
feldspar.  Its  strike  is  e  and  w,  magnetic,  dip,  45  s.  No.  12,  from 
Bleecker  postoflQce,  is  the  same  as  10,  but  strikes  n  and  s  mag- 
netic.   No.  11  is  a  dark,  rusty  hornblendic  gneiss. 

Oaroga 

Garoga  lies  west  of  Bleecker.  Through  its  center  passes  the 
meridian  which  marks  the  boundarv  between  the  area  studied 
by  Prof.  C.  H.  Smyth  and  that  covered  by  us.  Like  Bleecker, 
Garoga  is  wholly  within  the  area  of  gneiss.  Two  large  lakes  are 
contained  within  its  boundaries,  viz  Canada  lake  and  Garoga 
lake. 
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Specimens  7  and  8,  from  the  country  just  east  of  Canada  lake, 
are  dark  syenite  or  dioritic  gneiss.  No.  7  has  streaks  of  quartz 
running  through  it,  parallel  with  the  foliation  (see  pi.  8,  fig.  b), 
but  no.  8  is  quite  massive  and  decidedly  igneous  in  its  appear- 
ance. Nos.  16  and  17,  from  the  southern  portion  of  the  town- 
ship, are  in  strong  contrast  with  7  and  8.  They  are  light  col- 
ored feldspathic  gneisses,  tightly  compressed  and  finely  foliated. 
Streaks  of  biotite,  apparently  rubbed  out  by  the  shearing  action, 
run  through  them.  Under  the  microscope  no.  16  is  seen  to  con- 
sist chiefly  of  quartz,  which  is  sometimes  rolled  out  in  thin 
lenses  and  sometimes  greatly  granulated.  Orthoclase  and  plagio- 
clase  are  both  present,  and  biotite  appears  in  important  amount. 

Jolmstoicn 

Johnstown  is  a  large  town  which  lies  south  of  Bleecker 
and  Garoga.  The  great  fault  scarp  w^hich  passes  northward 
from  the  "  Noses,"  crosses  the  town  from  its  southwestern 
corner  toward  the  northeast.  About  one  third  the  area  is  pre- 
Oambrian,  and  the  remainder  consists  of  the  paleozoics.  Heavy 
drift  lies  on  both  and  serves  to  conceal  the  outcrops.  A  second 
fault  that  runs  off  through  the  town  of  Palatine  meets  the 
"  Noses  "  fault  and  serves  to  bring  the  paleozoics  to  the  surface 
along  the  western  border. 

Specimens  18  and  19,  whose  location  is  shown  on  the  map,  are 
porphyritic  or  augen-gneisses,  somewhat  different  from  any  men- 
tioned elsewhere  in  this  report;  18  is  a  light  colored  feldspathic 
variety,  whose  dark  silicate  is  biotite.  Quartz  is  fairly  abundant 
but  is  inferior  in  amount  to  the  feldspar.  Large  crystals  of  red 
orthoclase,  which  are  in  contrast  with  the  light  green  of  the 
prevalent  feldspar,  are  distributed  through  the  rock.  No.  19  is  a 
much  more  micaceous  variety,  but  it  still  exhibits  the  porphyritic 
crystals  of  feldspar.  Nos.  14  and  15  were  obtained  from  a 
ridge  of  gneiss  just  east  of  Kecks  Center.  They  are  finely  lami- 
nated feldspathic  gneiss,  having  apparently  the  general  compo- 
sition of  granite.  They  have  been  greatly  compressed  and  have 
a  close  and  extremely  regular  foliation.  The  strike  is  n  20  w 
magnetic. 
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The  details  of  local  geologj  were  taken  from  the  state  map  of 
1894.  Till  the  topographic  sheets  from  the  U.  S.  geological  survey 
are  available,  it  will  hardly  be  feasible  to  perform  more  detailed 
work,  but  with  proper  maps  some  slight  rearrangement  of  bound- 
aries may  be  pos«sible.  Meantime,  the  above  notes  will  serve  to 
give  some  idea  of  the  character  of  the  gneisses. 

Mayfield 

Mayfield  lies  east  of  Bleecker  and  is  a  long,  narrow  town^ 
of  which  about  half  is  gneiss  and  half  paleozoics.  The  great 
fault  scarp,  which  begins  at  the  "  Noses  "  on  the  Mohawk,  passes 
across  the  town  in  a  northeast  direction.  On  the  southeast  the 
paleozoics  have  been  dropped  and  preserved  by  the  fault,  while 
on  the  northwest  the  gneisses  have  alone  survived.  Specimens 
20  and  21  from  the  central  part  of  the  township  are  hard,  dark 
gray  gneisses.  When  studied  in  their  section  they  are  not  so 
basic  as  they  api)ear  to  the  eye.  Quartz  is  much  the  most  abun- 
dant mineral,  biotite  is  next,  and  the  remainder  of  the  slide  is 
garnet  and  a  little  orthoclase.  In  the  ridge  along  the  eastern 
border  of  the  town  the  gneiss  is  lighter  colored  and  is  very  finely 
laminated.  It  has  been  very  greatly  crushed  and  rubbed  out 
into  laminae,  with  much  biotite  along  the  surfaces  of  move- 
ment.  It  apparently  contains  more  feldspar  than  no.  21,  but  both 
give  a  strong  impression  of  being  derived  from  altered  sediments. 

Hontgomery  and  Fulton  counties 

The  "  Noses  " 

The  exposures  of  the  old  crystalline  rocks  which  are  brought 
to  the  surface  by  the  combined  anticline  and  fault  at  the 
"  Noses,''  on  the  Mohawk  river,  are  of  great  scientific  interest,  be- 
cause, except  for  the  similar  exposures  at  Littlefalls^  they  are  the 
last  opportunities  that  we  have  to  observe  this  formation,  before 
it  dips  beneath  the  great  area  of  paleozoics.  The  "Noses"  is 
the  name  given  to  the  bold  headlands  which  are  situated  between 
Fonda  and  Canajoharie,  and  which  rise  from  the  Mohawk  with 
almost  precipitous  escarpments  to  a  level  of  500  feet  above  the 


1 


Ol'TIJNE  MAP  OF  THE"N0SKS" 

MOKTGOMEHV  AND    Fm.TOX   COCNTIE 

JAMES  F17RMANKEMP 

BENJAMIN  F.  HILL 


^ 


BIBPORT  OF  THB  DIBEOTOB  AMD  STATB  GBOLOGIST  rSS 

river.  An  anticline  whose  axis  is  crossed  by  the  river  is  partly 
acconntable  for  the  exposures  of  the  basal  strata.  Its  axis 
geems  to  lie  along  the  brook  which  flows  into  the  Mohawk  from 
the  south,  about  a  mile  west  of  the  Little  Nose.  The  great  fault, 
which  is  called  by  Darton  the  "  Noses  fault,"  begins  south  of  the 
river  and  bears  off  to  the  northeast  in  a  somewhat  sinuous  course, 
finally  terminating,  so  far  as  present  knowledge  goes,  in  the 
Bacandaga  valley,  Hope  town,  Hamilton  co.  This  fault  and 
its  influence  on  the  topography  of  the  country  early  attracted 
attention,  and  the  subjoined  references  will  prove  of  interest.* 
The  escarpment  of  Calciferous  rises  abruptly  from  the  plain  of 
Utica  slate  to  the  east  and  forms  a  very  marked  feature  of  the 
topography.  It  is  the  anticline  however  which  specially  brings 
the  ancient  crystallines  into  view  along  the  river.  A  cross- 
section  is  given  by  Beecher  and  Hall,  which  is  in  part  reprinted 
Ib  Barton's  second  paper. 

Our  attention  has  been  specially  directed  to  the  characters 
presented  by  the  old  crystallines*  Beecher  and  Hall  describe 
thein  as  follows  in  their  detailed  section  (p.  10).  The  Calciferous, 
1)  rests  oh'l&,  breccia  2)  containing  Potsdam  sandstone,  crystal- 
line limestone,  quartzite,  etc.  Next  follows  ferruginous  and 
chloritic  material  3),  affording  traces  of  gold  and  silver  and 
regiorded  as  decomposition  products  from  the  gneiss,  increased  by 
some  sedimentation.  Lenticular  masees  of  clay  and  chloritic 
matter,  likewise  containing  traces  of  gold  and  silver,  belong  to 
this  layer.  Then  follows  decomposed  gneiss  4),  and  ferruginous 
labradorite  5),  and  labradorite  6). 

Mr  Hill  has  visited  the  locality  twice  and  has  gathered  a  com- 

'Vaimxem,  Lardner.  Geology  of  the  third  district  of  New  York. 
1M2.    p.206. 

Beecher,  O.  B.,  &  Hall,  C.  B.  5th  an.  rep*t  N.  Y.  state  geologist. 
1S86-89. 

Darton,  N.  H.  Geology  of  the  Mohawk  valley  in  Herkimer,  Fulton, 
Montgomery  and  Saratoga  counties.  13th  an.  rep't  N.  Y.  state  geologist. 
ISOa.    pw  415,  and  pi.  8. 

■  •»  Pr^imlnary  description  of   the  faulted   region  of  Herkimer, 

Fntton*  Montgomery  and  Saratoga  counties.  16th  an.  rep't  N.  Y.  state 
Ctcrtoglst    1806.    p.  48. 
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plete  series  of  specimene  illustrating  the  gneiss.  Nos.  1  to  5  in- 
clusive were  obtained  in  the  eastern  cut  of  the  West  Shore  rail- 
road at  the  Little  Nose^  and  no.  6  came  from  the  gneiss  above 
the  wagon  road  at  the  same  point.  The  gneise  strikes  parallel 
with  the  escarpment,  viz,  n  25-35  e  magnetic,  and  dips  conform- 
ably with  the  paleozoics.  A  quarter  of  a  mile  west  the  railway 
runs  through  a  cut  in  the  gneiss  about  20O  yards  long.  Nos.  7,  8 
and  9  were  obtained  in  the  cut.  A  half  mile  farther  west,  as 
shown  by  the  third  colored  area,  on  the  south  bank  of  the  Mo- 
hawk, {see  pi.  9)  the  gneiss  appears  again,  and  from  it  nos.  10, 
11,  12,  and  13  were  obtained.  At  this  point  the  gneiss  does  not 
reach  as  high  an  altitude  above  the  river  as  on  the  east,  and  it 
then  dips  down  and  disappears. 

If  one  now  crosses  to  the  north  side  of  the  river  and  proceeds 
eastward^  the  gneiss  first  appears  where  the  colored  area  begins 
on  pi.  9,  and  attains  a  hight  of  about  75  feet  above  the  water, 
rising  even  higher  to  the  eastward.  ,  Specimens  14,  15  and  16 
were  obtained  at  this  point.  Little  variation  can  be  noted  in 
the  rock.  To  the  east  of  the  "  Nose  "  and  the  bend  of  the  river 
there  is  a  large  gravel  pit  of  the  New  York  Central  railroad. 
Near  the  head  of  the  pit  is  the  last  outcrop  of  the  gneiss  (no.  17) 
in  this  immediate  vicinity.  A  heavy  talus  then  covers  the  gneiss 
for  a  long  distance  around  the  foot  of  the  escarpment,  but  it 
reappears  in  the  town  to  the  north. 

Great  interest  was  felt  by  us  in  the  petrographic  characters  of 
this  gneiss,  the  more  because  Beecher  and  Hall  had  named  their 
lowest  outcrops  labradorite,  and  it  was  inferred  that  the  an- 
orthosites  might  outcrop  at  this  remote  southern  point.  Micro- 
scopic sections  were  therefore  prepared  of  nos.  2,  4,  5,  6,  10,  11^ 
13  and  17,  which  were  selected  to  represent  all  the  outcrops  and 
all  the  varieties.  The  specimens  are  practically  the  same  rock, 
except  no.  11,  which  shows  some  variation.  All  the  others  are 
garnetiferous  gneiss,  which  under  the  microscope  exhibits  quite 
invariably  quartz  as  the  most  abundant  mineral,  and  reddish 
brown  biotife  as  a  constant  associate.  Plagioclase  in  minor 
amount  is  commonly  present,  and  in  no.  4,  there  is  a  little  micro- 
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(lertMte.  Light  red  garnets  form  a  very  important  and  a  con- 
4rtant  component.  No.  10  has  a  nest  of  little  eillimanit^  needles, 
contained  in  qnartz.  No.  11  differs  from  the  other  specimens  in 
being  a  more  basic  rock  and  one  that  lacks  quarts  almost  en- 
tirelj.  It  is  no  longer  fresh  but  now  presents  an  aggregate  of 
more  or  less  kaolinized  plagioclase  and  chlorite,  the  latter  of 
whidi  probably  represents  original  hornblende.  Biotite  is  pres- 
-ent  in  considerable  amount  and  is  relatively  unaltered.  A  few 
;Camet8i5  apatites  and  titanif erous  magnetite  complete  the  miner- 
^ogy.  The  rock  is  one  that  is  not  at  all  uncommon  among  the 
jpieiflses  of  the  Adirondacks  and  probably  merely  indicates  a 
Jiorablendic  band. 

J!be  general  character  of  these  gneisses  is  not  different  from 
joany  that  are  widespread  in  the  areas  farther  north  and  that  are 
probably  sedimentary  in  their  origin.  It  must  be  stated  that 
ffaiere  aie  no  labradorite  rocks  or  evident  eruptives  at  the  local- 
ity. 
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Geography 

The  Mooere  topographic  sheet  covers  that  part  of  Olinton 
county  between  longitude  73^30'  and  73^45'  and  between 
latitade  44°  45'  and  the  Canadian  line.  It  comprises  a  consider- 
able part  of  Altona  and  Mooers,  as  well  as  portions  of  Beekman- 
towiiy  Champlain,  Chazy  and  Dannemora  townships.  The  in- 
cluded area  contains  approximately  218  square  miles.  The  larger 
portion  of  this  area  constitutes  a  part  of  the  great  plain  which 
fllopes  from  the  northern  foothills  of  the  Adirondacks  to  the  St 
Lawrence  river.  That  part  of  this  plain  which  lies  in  Clinton 
oouvty  slopes  to  the  northeast,  that  in  Franklin  and  St  Lawrence 
eoontiea  to  the  northwest,  away  from  a  north  and  south  axia  ol 
devation  along  the  west  edge  of  Clinton  county. 

Along  the  eastern  border  of  the  sheet  there  is  a  rapid  drop, 
atep-faahion,  from  the  level  of  this  plain  to  that  of  the  much 
lower  plain  of  the  Champlain  valley.  As  the  former  slopes  con- 
liderably,  the  latter  but  slightly,  toward  the  north,  the  distinc- 
tfon  between  the  two  plains  fades  out  in  the  northeastern  corner 
oi  the  sheet. 

In  Dannemora  and  Beekmantown  the  foothill  belt  of  the 
Adirondacks  rises  above  the  level  of  the  plain,  a  series' of  ridges 
and  valleys  in  which  the  hilltops  reach  all  sorts  of  altitudes  and 
the  ridges  trend  in  various  directions,  and  which  sinks  beneath, 
or  is  overlapped  by  the  rocks  of  the  high  plain. 

In  a  broad  view  then,  the  surface  is  a  plain  sloping  from  au 
Idtitade  of  1600  feet  in  the  southwest  to  only  200  feet  in  the 
northeafit  corner  of  the  siheet,  or  about  70  feet  to  the  mile.  Go- 
lag  to  the  eastward  from  the  southern  limits  of  the  map,  the 
Apop  to  the  same  level  is  much  jnore  abrupt.  The  main  stream 
on  the  sheet,  the  Big  Chazy  river,  which  rises  in  Chazy  lake 
not  far  beyond  the  limits  of  the  sheet,  follows  in  a  general  way. 
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the  slope  of  the  surface.  Though  it  has  a  steep  gradient,  it  has 
not  occupied  its  present  course  sufficiently  long  to  have  chan- 
neled its  valley  very  deeply,  specially  as  the  rocks  of  its  bed 
are  mostly  very  resistant,  and  the  stream  itself  above  Mooers 
Forks  is  of  no  great  size.  The  sharp  turn  to  the  east  at  the 
forks  is  due  to  a  glacial  moraine  across  its  course  which  crowds 
the  North  branch  into  the  main  stream  and  nearly  does'  the  same 
thing  to  the  English  river. 

As  is  the  case  with  all  young  streams,  (that  is,  streams  which 
have  not  been  flowing  in  their  present  channels  sufficiently  long 
to  have  cut  them  down  to  grade,  and  which  are  therefore  actively 
engaged  in  deepening  them)  the  courses  of  the  streams  on  the 
sheet  consist  of  a  series  of  slack  water  reaches  interrupted  by 
waterfalls  and  rapids^  the  latter  marking  the  position  of  beds 
which  specially  resist  erosion,  followed  down  stream  by  those  of 
less  resistance,  so  that  the  slope  at  the  junction  of  the  two  is 
accentuated  by  the  more  rapid  cutting  away  of  the  later  beds. 
The  slack  water  reaches  above  are  produced  by  the  cutting  away 
of  the  less  resistant  rocks  above  down  to  the  level  of  the  re- 
sistant bed  at  the  brink  of  the  fall.  As  the  various  layers  of 
sandstone  over  which  the  streams  flow  dio  not  vary  excee-sively 
in  resistance,  these  features  are  not  as  pronounced  as  they  would 
be,  were  the  variation  greater  and  the  different  bed«  thicker.  In- 
stead of  high  falls  andi  long  reaches,  the  falls  are  frequent  and 
of  no  great  magnitude. 

The  irregularity  of  surface  of  the  plain  i«  due  in  large  part  to 
stream  erosion,  but  also  in  considerable  part  to  displacement. 
The  drop  from  the  high  plain  to  the  Champlain  valley  plain  is 
also  along  a  line  of  displacement.  The  surface  has  been  much 
modified  by  glacial  action,  and  is  less  diversified  and  less 
thoroughly  drained  than  before  the  glacial  period. 

The  larger  part  of  the  area  of  the  sheet  was  originally  densely 
forested  with  white  pine  on  the  sandy  flats  and  with  spruce  and 
hard  wood  elsewhere.  The  pine  was  long  since  cut  away,  and 
the  epruce  and  hardi  wood  in  large  part  lumbered.  Some  still 
remains  which  will  likely  go  the  way  of  the  rest  within  the  next 
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lew  years.  Pire  has  usrually  followed  the  ax,  and  old  "  burius " 
<Jover  a  considerable  part  of  the  district,  often  being  almost  im- 
penetrable. Birch  and  poplar  spring  up  to  take  the  place  of  the 
more  valuable  wood«. 

The  bare  ledges  of  sandstone  in  Altona  and  elsewhere,  known 
locally  as  "  Flat  rocks  ",  are  covered  with  a  profusion  of  blue- 
t)«rry  bnshee,  and  the  berries  are  picked  in  great  quantity  for 
shipment  in  the  summer.    There  is  comparatively  little  good  agri- 

•cultucal  land  on  the  sheet,  the  greater  part  of  the  surface  being 
sandy^  marshy  or  of  bare  rock.  From  West  Chazy  southward, 
-on  the  limestones,  is  the  best  farming  land.  Considerable  farm- 
ing is  also  done  in  the  north  of  Mooers  on  the  heavy  moraine 
there. 

Summary  of  geologic  history 

The  oldfest  rocke  within  the  area  of  the  sheet,  exposed  on  Band 
liill  and  thence  westward,  are  among  the  oldest  rocks  of  which 
we  have  knowledge  anywhere  on  the  earth's  surface.  Similar 
racks  are  at  the  surface  throughout  the  Adirondack  region,  but 
they  are  so  old  and  so  changed  from  their  original  condition  that 
It  16  an  exceedingly  difficult  matter  to  decipher  the  history  which 
they  record.  They  are  in  part  of  unquestionable  igneous  origin, 
and  have  reached  their  present  position  by  coming  up  from  be- 
low ia  a  molten  condition  and  then  slowly  solidifying.  In  part 
they  are  believed  to  be  old,  water-deposited  rocks,  ancient  sheets 
of  sand^  mud  and  calcareous  mud  laid  down  on  the  bottom  of 
«ome  large  body  of  water,  in  all  probability  the  sea.  These  are 
now  «o  greatly  changed  from  their  original  condition  that  the 
structares  characteristic  of  rocks  so  formed  have  been  almost  or 
entirely  destroyed  and  replaced  by  others  which  are  not  ddstinc- 
tive  since  they  may  be  produced  in  igneous  rocks  as  well.  The 
inference  as  to  their  original  condition  is  based  for  the  most 
imrt  on  their  composition.  In  third  part  they  comprise  rocks 
which  have  the  thoroughly  crystalline  character  and  foliated 
fitmctnre  of  the  rocks  of  the  second  group,  but  whose  composition 
does  not  suggest  that  they  are  of  sedimentary  origin;  they  may  be 
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either  changed  sedimentary  or  igneous  rocks,  but  are  regarded 
somewhat  doubtfully  as  being  of  igneous  origin.^ 

None  of  the  old  water-deposited  rocks  occur  within  the  limits 
of  the  sheet,  the  oldest  rocks  found  being  gneisses  of  uncertain 
origin,  in  Dannemora  and  Beekmantown.  After  their  formation 
and  when  they  were  essentially  in  their  present  condition  the 
mass  of  igneous  rock  now  constituting  the  gabbro  mass  of  Band 
hill  was  intruded  into  them  from  below.  At  the  time  of  this 
intrusion  the  rocks  now  at  the  surface  were  at  a  depth  of  at  least 
5  miles,  that  is  they  had  at  least  that  thickness  of  rocks  above 
them,  and  the  igneous  rock  solidified  at  that  depth.  At  some 
time  after  solidification  all  the  rocks  were  subjected  to  great 
compression,  and  the  massive  igneous  rock  was  converted  into 
a  gneissoid  rock.  A  long  period  of  erosion  followed,  hence  the 
region  must  have  been  above  sea  level  at  this  time.  The  result 
of  this  slow  ibut  long-continued  wearing  away  of  the  surface 
was  to  decrease  the  depth  at  which  the  present  surface  rocks 
lay  buried.  Another  period  of  deformation  followed  and  the 
rocks  were  fissured,  sheared  and  probably  faulted,  the  difference 
in  the  character  of  the  deformation  being  due  to  the  fact  that 
the  rocks  were  less  deeply  buried  and  hence  under  less  load  than 
during  the  previous  deformation  period.^  The  main  set  of 
fissures  so  produced  had  an  east  and  west  trend  and  a  nearly  or 
quite  vertical  inclination.  During  or  closely  following  this 
period  igneous  rock  again  worked  its  way  up  from  below,  follow- 
ing these  east  and  west  fissures.  Whether  any  of  this  molten 
rock  ever  reached  the  surface  or  not  can  not  now  be  told,  as  no 

^ a —   -I  ■■--  I  _  ' 

^CrystaUine  rocks  in  which  there  is  a  more  or  less  parallel  arrangement 
of  the  constituent  minerals,  due  to  which  there  is  a  tendency  to  split  or 
cleave  in  one  direction  into  more  or  less  even  slabs  or  layers,  are  said 
to  have  a  foliated  structure.  The  splitting  is  usually  due  to  the  presence 
and  parallel  arrangement  of  some  cleavable  mineral  such  as  mica.  The 
foliation  is  better  and  more  even  in  schists  than  in  gneisses. 

*At  a  sufficiently  great  depth  below  the  surface  the  pressure  due  to 
the  .weight  of  the  rocks  above  is  so  gi-eat  that  the  formation  of  cracks 
or  cavities  is  impossible.  The  necessary  depth  varies  with  the  kind  of 
rock,  but  at  5  or  6  miles  all  fracturing  is  impossible,  that  is  the  forma* 
tlon  of  open  fractures.  Hence  the  character  of  the  effects  produced  by 
deformation  is  an  indication  of  the  depth  at  the  time  of  deformation. 
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vesttge  of  that  old  surface  now  remains.  The  old  lava-filled 
channels  of  ascent  however  are  still  to  be  seen,  and  to  such  the 
tenn  "  dikes  ",  is  applied.  There  are  two  sets  of  these,  corres- 
ponding to  at  least  two  separate  periods  of  intrusion.  The  lava 
of  the  first  was  fairly  acid  and  gave  rise  to  the  red,  syenite  dikes 
which  are  quite  numerous  on  Rand  hill,  while  that  of  the  second 
was  very  basic  and  the  source  of  the  black,  diabase  dikes  so 
common  throughout  the  region. 

Another  long  period  of  erosion  followed,  the  region  still  con- 
tinuing above  sea  level,  and  many  hundreds  of  feet  of  rock  were 
worn  away  from  the  surface.  Then  a  slow  depression  of  the 
district  commenced  and  continued  sufficiently  long  to  submerge 
probably  the  entire  Adirondack  tract  beneath  the  waves  of  the 
sea.  The  surface  of  the  sinking  land  was  much  more  even  than 
^  it  is  at  the  present  day,  though  it  still  had  considerable  reliefs 
The  stream  valleys  were  well  marked  and  separate  by  low^ 
rounded  hills  or  ridges.  During  the  long  continued  erosion 
period  the  land  must  have  suffered  repeated  uplifting  in  order 
to  i^ermit  the  removal  of  so  great  a  thickness  from  the  surface. 

Daring  the  first  part  of  the  period  of  subsidence  the  sea  was 
shallow  over  the  land,  and  sheets  of  coarse  sand,  with  much 
gravel,  specially  at  the  base,  were  laid  down.  Then,  either 
because  more  rapid  subsidence  deepened  the  sea,  or  else  be- 
cause the  land  was  so  lowered  and  submerged  that  it  was  in- 
capable of  furnishing  more  detritus,  the  waters  gradually  cleared, 
and  the  various  limestones,  Caleiferous,  Chazy  and  Trenton,  were 
laid  down  in  the  order  named  as  calcareous  muds  on  the  still  sub- 
siding sea  fioor.  During  the  earliest  part  of  this  period  occa- 
sional sheets  of  sand  were  swept  in  by  currents  and  alternate 
with  the  calcareous  layers.  During  the  deposition  of  the  Tren- 
ton limestone  currents  washed  in  a  certain  amount  of  fine  mud 
from  time  to  time,  from  some  land  area  probably  to  the  north- 
east. This  increased  in  amount,  in  consequence  probably  of 
shallowing  and  the  nearer  approach  of  some  land  area,  and  the 
ealcareous  muds  of  the  Cumberland  head  rocks  and  the  black 
muds  of  the  Utica  slate  were  laid  down  on  top  of  the  limestones^ 
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Whelher  the  Lorraine  shales,  which  overliethe  XJtica  alate  in  the 
Mohawk  valley,  were  ever  deposited  in  the  Champlatn  valley  ia 
a  question  whioh  can  not  at  present  be  answered.  If  so,  no  trace 
ot  thfni  has  yet  been  found. 

Be  that  as  it  may,  the  downward  movement  which  had  been 
in  progress  so  long,  ceased  after  the  laying  down  of  the  XJtica 
or  else  of  the  Ijorraine  shales,  and  was  succeeded  by  a  movement 
in  the  contrary  direction  which  carried  the  whole  district  above 
«ea  level,  where  it  has,  for  the  most  part,  remained  ever  since. 

Either  this  upward  movement  was  accompanied  by,  and  likely 
caused,  by  deformation;  or  else  deformation  ensued  not  long  after 
the  uplift.  The  effect  was  greatest  in  Vermont,  and  the  result 
there  was  the  uplifting  of  the  Green  mountain  range  the  rocks 
there  being  considerably  folded  as  well  as  faulted.  In  New  York 
only  a  slight  amount  of  folding  was  produced,  but  extensive  fault-' 
ing  took  pjace.^  Some  of  these  faults  are  easily  detected  and, 
moreover,  are  of  considerable  magiytude.  The  Tracy  brook  fault, 
for  example,  has  a  maximum  throw  of  close  to  2000  feet.  It  is 
not  meant  to  imply  that  there  was  ever  that  difference  in  level 
at  the  surface  on  the  opposite  sides  of  the  fault  plane.  Such 
movements  are  in  general  so  slow  that  the  more  rapid  erosion 
on  the  rising  side  of  the  fault  may  lower  its  level  very  materially 
while  the  movement  is  still  in  progress.  There  is  evidence  also 
■of  repeated  movement,  along  some  of  the  faults  at  least,  down 
to  comparatively  recent  times,  if  indeed  such  movement  is  not 
still  continuing. 

'A  fault  is  produced  by  a  sliding  movement  of  the  tocIis  oq  opposite 
sides  of  a  Assure,  witli  tli«  result 
tliat  the  same  rock  stratum  Is 
L  lilgher  on  one  side  than  on  the 
other,  as  illustrated  in  the  ac- 
companying diagram.  Tile 
stratum  AA.  has  been  dropped 
on  the  right  aide  of  the  fault 
relative  to  its  position  on  the  left  side.  The  distance  ac,  measured  along 
the  fault  plane,  Is  called  Its  displacement,  the  vertical  distance  ab.  that 
separates  the  two  ends  of  the  stratum.  Is  called  the.  (Aroic,  and  the  hori- 
zontal distance  be  Is  the  heave  of  the  fault. 
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During  or  shortly  after  this  deformation  period  occurred  the 
last  outbreak  of  igneous  activity  in  the  vicinity,  molten  rock  again 
rising  from  below  through  the  set  of  east  and  west  fissures.  If 
any  of  this  material  ever  reached  the  surface,  all  trace  of  it  has^ 
been  worn  away,  and  we  see  at  the  present  time  only  the  dikes, 
as  the  old  fissures  are  called  through  which  the  rock  worked  its 
way  upward  and  in  which  it  cooled  as  the  activity  ceased,  filling 
them  solidly  from  side  to  side.  The  Adirondack  region  was  not 
a  center  of  the  igneous  activity  of  this  period  but  on  the  border, 
the  dikes  of  this  age  occurring  along  the  shores  of  Lake  Cham- 
plain  but  not  extending  back  from  it  for  any  considerable  dis- 
tance. No  dikes  of  this  period  have  been  discovered  within  the 
limits  of  the  Mooers  sheet,  though  they  are  found  along  the  lake 
•shore  in  the  territory  covered  by  the  Plattsburg  sheet,  next  south- 
east. As  in  the  preceding  time  of  igneous  rock  formation,  there 
were  at  least  two  separate  periods  of  activity,  the  rock  of  the  one 
being  a  light  colored,  acid  rock,  and  of  the  other  a  black,  basic 
rock.  There  are  constant  differences  between  these  rocks  and  the 
preceding  diabase  and  syenite,  such  that  where  both  oceur  they 
may  be  distinguished.  The  acid  rock  followed,  instead  of  preced- 
ing the  basic,  as  in  the  earlier  period.  With  this  outburst  igneous 
activity  in  the  region  terminated. 

There  is  a  possibility  that  during  late  Upper  Silurian  or  early 
Devonian  time  the  region  was  again  depressed  below  sea  level  for 
a  short  time,  at  least  that  the  Champlain  valley  was.  The  valley 
came  into  being  as  a  topographic  feature  with  the  faulting  of 
the  previous  deformation  period.  There  is  evidence  that  the  St 
Lawrence  vallev  at  Montreal  was  below  sea  level  at  the  time 
specified,  and  it  is  simply  inferred  that  the  Champlain  valley  may 
have  been  also  affected.  If  so,  every  vestige  of  the  deposit  laid 
down  on  that  sea  floor  has  since  been  eroded  away.  With  the  ex- 
ception of  this  possible  short  time  of  depression  the  district  was 
a  land  area  throughout  the  entire  vast  interval  from  the  close  of 
Lower  Silurian  time  to  the  comparatively  recent  departure  of  the 
Pleistocene  ice  sheet.  This  interval  certainly  represents  at  least 
three  fourths'of  the  entire  elapsed  time  since  the  beginning  of  de- 
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position  of  the  Potsdam  sandstone,  quite  likely  considerably  more. 
Jts  duration  was  certainly  several,  quite  likely  many  million  years. 
Few  pants  of  the  earth's  surface  have  been  continuously  above  sea 
level  for  so  long  an  interval. 

During  this  enormous  length  of  time  this  surface  has  been  sub- 
jected to  continuous  wear.  Its  history  is  to  be  read  in  the  re- 
moval, not  in  the  deposition  of  rocks.  From  this  standpoint  a 
«harp  contrast  is  to  be  noted  between  the  Champlain  valley  on 
the  one  hand  and  the  Adirondack  highlands  on  the  other.  The 
Trenton  limestone  and  the  Utica  slate  are  still  found  here  and 
there  in  the  valley.  In  such  places  no  great  amount  of  erosion 
<;an  have  taken  place.  Compared  with  the  other  rocks  of  the 
region  these  are  the  least  resistant  of  all^  and  their  presence  forces 
the  conclusion  that  the  Ohamplain  valley  was  early  outlined  as 
a  valley  and  must  have  remained  pretty  persistently  at  a  com- 
paratively low  altitude.  The  Paleozoic  rocks  have  suffered  more 
or  less  considerable  erosion  on  the  upthrown  side  of  fault  blocks, 
but  the  loss  has  been  very  small  from  the  downthrow  blocks. 

On  the  Adirondack  highlands,  on  the  other  hand,  the  entire 
cover  of  Paleozoic  rocks  has  been  worn  away  from  the  surface, 
except  for  an  occasional  insignificant  patch  on  the  outskirts.  This 
implies  the  removal  of  not  less  than  2000  feet  thickness  of  such 
rocks  from  the  whole  surface,  and  more  likely  double  that  amount. 
An  unknown  amount,  probably  not  excessive,  has  also  been  worn 
away  from  the  surface  of  the  underlying  rocks. 

It  must  not  be  supposed  that  this  necessarily  implies  that  the 
district  ever  had  an  altitude  much  greater  than  the  present.  It 
seems  to  have  been  an  uneasy  region  with  frequent  small  move- 
ments of  uplift.  If  long  periods  of  quiescence  had  intervened, 
they  would  have  assuredly  left  their  mark  in  the  shape  of  well 
defined  old  base  levels  of  erosion,  but  such  are  not  to  be  dis- 
covered. CJomparatively  recent  uplift  is,  furthermore,  indicated 
by  the  plainly  marked  character  of  the  north  and  south  axis  of 
uplift  along  the.  west  edge  of  Clinton  county,  and  thence  south- 
ward, as  a  topographic  feature.  The  faults  have  served  as  line* 
•along  which  frequent  displacement  has  taken  place. 
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In  comparatively  recent  times,  so  recent  that  the  deposits 
formed  have  suffered  but  little  erosion,  the  region  was  covered  by 
the  Labrador  ice  sheet.  Shortly  before  the  oncoming  of  the  ice 
it  stood  at  a  considerably  higher  level  than  the  present.  The 
retreat  of  the  ice  left  the  surface  mantled  with  glacial  deposits, 
laid  down  to  greatest  depth  in  the  old  valleys,  so  that  the  surface 
was  more  even  than  before.  During  the  long  time  that  the  ice 
sheet  covered  the  region  a  slow  subsidence  was  going  on,  with 
the  result  that  the  retreat  of  the  ice  found  the  altitude  some  600 
feet  below  the  present,  a  depression  of  sufficient  amount  to  per- 
mit  an  arm  of  the  sea  to  extend  up  the  St  Lawrence  and  Cham- 
plain  valleys  on  the  disappearance  of  the  ice  barrier.  The  sands 
and  clays  deposited  there  are  found  at  present  running  up  to  the 
400  foot  line  and  possibly  higher.  They  contain  shells  of  the  mol- 
lusks  which  lived  in  the  cold  waters  and  which  are  of  the  same 
species  as  living  forms,  some  of  which  are  yet  found  in  the  Gulf 
of  St  Lawrence,  while  others  are  confined  to  colder,  arctic  waters. 

Besides  these  marine  levels  there  are  standing  water  levels  at 
higher  elevations  in  the  valleys  opening  into  the  Champlain  val- 
ley; and  these  waters  must  have  been  fresh,  have  preceded  the 
salt  water  incursion,  and  have  been  held  up  at  those  levels  by  an 
ice  tongue  which  lingered  in  the  Champlain  valley  after  the  ice 
had  completely  melted  away  from  the  adjoining  highlands,  be- 
cauise  of  its  original  much  greater  thickness  there. 

Since  the  departure  of  the  ice  sheet  the  region  has  been  slowly 
uplifted  to  its  present  hight.  The  marine  shore  lines  along  the 
lake  are  no  longer  level  but  rise  slowly  toward  the  north,  showing 
that  they  have  been  tilted  since  they  were  formed,  and  hence  that 
the  uplift  was  greatest  in  that  direction.  The  elapsed  time  since 
the  ice  sheet  disappeared  is  so  slight  that  erosion  has  modified  the 
surface  only  in  slight  degree.  The  deposits  formed  by  the  glacier 
and  in  the  bodies  of  standiug  water  which  followed  are  sub- 
fitantially  as  they  were  left  by  them. 

Dannemora  formation 

Of  the  three  classes  of  pre-Cambrian  rocks  which  have  been 
mentioned,   the  distinctly   sedimentary   rocks   appear  nowhere 


r48  NEW   YORK   STATE   MUSEUM 

within  the  limits  of  the  sheet,  nor  are  any  known  within  the  im- 
mediately  surrounding  territory.  The  prevailing  rocks  over  a 
large  part  of  the  northern  Adirondack  foothill  region  are  gneisses^ 
of  doubtful,  though  for  the  most  part  probably  of  igneous  origin, 
which  are  distinctly  older  than  the  unmistakably  igneous  rocks. 
Such  rocks  are  at  the  surface  in  the  territory  comprised  in  the 
southwestern  part  of  the  sheet.  The  term,  Dannemora  formation, 
is  suggested  as  a  convenient  one  to  apply  to  these  widespread 
rocks  on  the  north,  in  our  present  state  of  ignorance  concerning 
their  age  and  relationships,  as  they  are  well  exposed  all  over  the 
mass  of  Dannemora  mountain  as  well  as  throughout  Dannemora 
township.  The  problem  of  their  age,  and  their  relationship  to  the 
undoubted  sedimentary  rocks,  is  by  far  the  most  important  un- 
solved stratigraphic  question  in  the  district.  Most  unfortunately 
there  is  practically  no  opportunity  afforded  for  its  settlement, 
since  in  the  region  where  the  Dannemora  formation  prevails  the 
other  rocks  are  wellnigh  absent,  and  no  contracts  where  these 
relations  might  be  shown  and  studied,  are  exposed.  Nearly  all 
the  exposures  of  the  sedimentary  rocks  in  Clinton  and  Franklin 
counties  are  surrounded  by  the  later  eruptive  rocks  instead  of  the 
Dannemora  formation.  Whether  therefore  the  Dannemora  rocks 
are  older,  younger,  or  of  the  same  age  as  the  sedimentary  (Gren- 
ville)  rocks  does  not  appear,  and  the  evidence  must  be  forthcom- 
ing elsewhere,  probably  from  the  western  Adirondacks.^ 

^  Every  geologist  who  has  visited  the  Adirondacls  region  has  remarlied 
on  the  great  similarity,  if  it  be  not  identity,  of  the  pre-Cambrian  roclis 
to  the  Canadian  rocks  to  the  northward.  This  is  specially  true  of  the 
igneous  rocks  and  those  of  sedimentary  origin  (long  ago  named  the 
Grenville  series  by  Logan).  There  is  also  there  a  supposedly  older  series 
of  gneisses  known  as  the  Ottawa  gneiss.  The  term,  Ottawa  gneiss,  is 
not  used  in  this  report  simply  because  it  is  not  yet  determined  whether 
the  Dannemora  gneiss  is  the  representative  of  the  Ottawa  gneiss  in  the 
Adirondacks,  or  whether  it  represents  rocks  which  are  classed  with  the 
Grenville  series  in  Canada,  or  whether  it  represents  neither.  The  term, 
Grenville,  is  used  for  the  sedimentary  series  because  the  similarity  be- 
tween these  rocks  in  the  two  districts  has  been  noted  by  every  observer 
who  has  gone  into  the  field,  and  it  is  exceedingly  probable  that  they 
were  deposited  in  the  same  basin.  Smyth  has  suggested  the  name, 
Oswegatchie  series,  for  these  rocks  in  the  western  Adirondacks,  on  the 
ground  that  their  similarity  with  the  Canadian  rocks  does  not  necesr- 
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The  rocks  of  the  Dannemora  formation  are  quite  varied  and  yet 
quite  uniform.  Nearly  every  outcrop  shows  two  or  more  varie- 
ties of  gneiss  interbanded  with  one  another.  The  rocks  also 
differ  much  in  coarseness  or  fineness  of  grain  from  place  to  place. 
Yet  there  are  practically  only  four  varieties  of  gneiss  in  the  dis- 
■  trict,  which  however  grade  into  one  another  through  intermediate 
varieties. 

The  two  most  abundant  kinds  of  gneiss  in  the  vicinity  are  a 
finely  granular  red  gneiss  which  has  the  composition  of  a  granite, 
that  is,  made  up  of  quartz  and  microporthitic  feldspar  with  ad- 
ditional  small  amounts  of  either  hornblende  or  biotite  or  (more 
rarely)  augite,  and  magnetite;  and  a  black,  more  gneissoid  rock 
with  the  essential  make-up  of  a  diorite,  that  is,  composed  of  horn- 
blende and  a  feldspar  ranging  from  oligoclase  to  labradorite  in 
composition,  with  magnetite  and  either  biotite  or  augite  in  addi- 
tion. With  these  are  occasional  streaks  of  a  gray  gneise  com- 
posed of  biotite,  hornblende  and  an  acid  plagioclase  feldspar, 
quartz  being  mostly  lacking;  and  gray  to  red,  evenly  granular 
rocks  of  quartz,  orthoclase  feldspar  and  abundant  pyroxene  which 
are  often  called  pyroxene  granulites.  All  these  gneisses  are  cut 
by  a  later  coarse,  red  granite  or  granitoid  gneiss,  which  occurs 
either  in  small  masses  cutting  across  the  foliation  of  the  gneiss, 
or  else  more  intricately  cutting  it  in  thin  films  and  sheets  which 
are  in  general  parallel  to  its  foliation. 

sarily  show  equivalence  in  time.  This  term  has  priority  for  the  Adiron- 
dack rocks  if  a  new  name  is  to  be  used.  But  no  one  can  now  show 
whether  the  rocks  of  the  two  areas  are,  or  are  not,  equivalent,  nor  is 
any  one  likely  to  be  able  to  do  so  in  the  near  future.  No  one  has  any 
Idea  of  the  thickness  of  either  series,  nor  even  how  many  beds  of  lime- 
stone there  are.  There  may  be  just  as  great  a  difference  between  the 
eastern  and  western  Adirondack  rocks  in  age  as  between  either  and  the 
Ganadian.  There  must  be  a  great  difference  in  age  between  the  top  and 
bottom  of  the  series.  It  seems  therefore  to  the  writer  more  logical  to 
use  a  name  which  brings  out  a  universally  observed  relationship,  rather 
than  to  inject  into  an  already  overburdened  literature  a  new  term,  based 
on  what  is  at  present  a  wholly  gratuituous  supposition.  In  these  old 
•  rocks  In  which  fossils  are  lacking,  it  is  impossible  to  apply  the  same 
fine  discriminations  as  in  the  fossiliferous  rocks,  and  it  would* seem  to 
be  time  enough  to  apply  a  new  name  when  non-equivalence  is  shown 
to  be  something  more  than  a  mere  possibility. 
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This  complex  of  gneiss  and  granite  makes  up  the  mass  of 
Dannemora  mountain  and  forms  the  hills  in  Dannemora  and 
Beekmantown  in  the  southwest  corner  of  the  Mooers  sheet.    - 

As  has  been  stated  in  previous  reports,  if  there  is  any  forma- 
tion in  the  northern  Adirondack  region  which  is  the  equivalent 
of  the  Ottawa  gneiss  of  Canada,  or  which  may  be  of  Archaean 
age  in  the  restricted  sense  in  which  that  term  is  now  employed 
by  the  United  States  geological  survey,  it  is  this  Dannemora 
formation.  Unfortunately  in  the  district  in  Clinton  and  Franklin 
counties  in  which  it  prevails,  the  Grenville  series  is  practically 
absent,  and  a  rather  careful  survey  of  the  area  has  failed  to  dis- 
close any  exposures  which  throw  any  light  on  the  question.  The 
problem  is  much  complicated  by  the  intimate  association  of  very 
similar   gneisses   with   the   undoubted   Grenville   rocks  in  the 

* 

western  Adirondacks,  where,  if  anywhere,  there  is  a  prospect  of 
settling  this  question. 

On  Rand  hill,  specially  at  its  eastern  edge,  is  considerable 
gneies  which  is  cut  through  and  through  by  the  gabbro,  with  un- 
mistakable irruptive  contacts,  showing  that  the  gneiss  is  the 
older  rock.i  The  gneiss  that  appears  on  the  West  side  of  the  hill 
is  mainly  of  the  black  dioritic  variety,  though  there  is  much  of 
the  red  gneiss  also.  It  seems  totally  unaffected  by  the  gabbro, 
and  there  is  thought  to  be  a  fault  between,  though  the  evidence 
of  this  is  not  decisive.  On  the  east  the  gneiss  is  best  shown  along 
the  cliff  face  and  along  Mead  brook.  Here  it  is  all  cut  up  by  the 
gabbro  and  differs  quite  materially  in  character  from  that  on  the 
west.  Nowhere  else  in  the  Adirondack  region  has  the  writer  seen 
such  contacts,  nor  has  he  met  elsewhere  a  gneiss  precisely  similar 
to  this. 

It  is  for  the  most  part  a  well  foliated,  blark  and  red  or  black 
and  gray  gneiss,  quite  like  some  intermediate  varieties  of  the  or- 
dinary gneiss.  But  often,  specially  near  the  gabbro  contact,  it 
is  hard  and  flinty  and  breaks  with  a  conchoidal  fracture.    In 

^Rand  hill,  as  here  used,  applies  to  the  whole  area  on  which  the  gabbro 
outcrops,  the  low  north  end  as  well  as  the  summit;  locaUy  it  is  usually 
restricted  to  the  latter. 
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eompositioii  it  is  either  a  quartz-orthoclase-hornblende,  or  quartz- 
orthoclase-angite  rock. 

Under  the  microscope  the  same  indefinite,  granular  structure 
i8  shown  which  the  ordinary  gneiss  possesses,  except  that  near 
the  gabbro  there  are  also  corrosion  zone  (reaction  rim)  structures 
quite  like  those  in  the  gabbro  itself.  Along  Mead  brook  are  a 
wries  of  moat  excellent  exposures  of  rapidly  alternating  gneiss 
and  gabbro,  the  latter  cutting  across  the  foliation  of  and  sending 
dikes  into  the  former.  This  gneiss  is  essentially  made  up  of 
orthoclase,  hornblende  and  quartz,  with  accessory  zircon,  apatite, 
pyrite,  magnetite,  garnet  and  biotite.  The  magnetite  is  nearly 
always,  surrounded  by  hornblende.  The  hornblende  is  patchy^ 
very  irregularly  bounded,  and  full  of  small  biotite  shreds  which 
fieem  secondary;  commonly  also  the  magnetite  and  hornblende 
are  separated  by  a  narrow  zone  of  biotite,  consisting  of  closely 
packed^  y^ry  minute  shreds.  Considerable  garnet  has  formed  in 
places  at  the  contact  between  hornblende  and  feldspar,  accom- 
panied  by  small  grains  of  secondary  quartz.  Precisely  similar 
corrosion  zones  are  found  in  the  gabbro  near  the  contact.  The 
garnet  zones  are  found  all  through  the  gabbro,  but  the  biotite 
zones  have  not  been  noted  except  near  the  contact,  though  they 
may  occur.  The  writer  is  disposed  to  explain  the  facts  by  the 
assumption  that  the  gneisses  on  the  east  and  the  west  side  of 
the  hill  are  the  same,  and  that  the  differences  noted  on  the  east 
fride  are  due  to  contact  metamorphism,  with  the  production  of 
a  narrow  zone  of  mixed  composition  between  the  two  rocks,  due 
to  incorporation  in  the  gabbro  of  material  from  the  gneiss. 

The  augite  gneiss  from  the  same  locality  is  an  even  more  flinty 
rock,  and  in  it  garnet  has  been  largely  developed  at  the  contacts 
between  both  magnetite  and  augite,  and  feldspar.  This  would 
imply  that  the  feldspar  is  plagioclase,  though  it  is  largely  un- 
twinned.  In  the  ordinary  Dannemora  gneiss  garnet  is  a  rare 
mineral,  though  abundant  in  the  Grenville  gneisses.  No  similar 
Tock  has  been  observed  on  the  west  side  of  the  hill,  and  the 
amount  of  change  produced  by  the  intrusion  is  a  matter  of  un- 
4Wtai]it7» 
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Oabbro  intrusions 

There  are  two  main  varieties  of  gabbroic  rocks  exposed  in  the 
district:  the  one  the  coarse  grained,  blue-black  rock,  weathering 
whitej  which  forms  the  main  mass  of  Rand  hill ;  the  other  a  fine- 
grained, black  rock,  occurring  only  in  dikes  or  in  small  bosses, 
which  cuts  and  is  therefore  later  than  the  other — which  is,  in  fact, 
the  youngest  of  the  older  Adirondack  eruptives.  It  is  one  of  the 
most  widespread  rocks  in  the  whole  Adirondacks,  though  the 
total  bulk  is  not  great.  It  is  usually  gneissoid,  though  often  un- 
changed cores  remain,  and  these  have  an  ophitic  structure,  that 
is  the  feldspars  are  in  well  formed,  lath-shaped  crystals,  giving 
a  characteristic  appearance  to  the  rock.  It  belongs  to  the  gab- 
bro  variety  known  as  hyperite,  and  has  been  frequently  described 
in  detail,  of  late,  by  the  different  workers  in  the  region,  so  that 
no  extended  description  is  called  for  here.  The  gneissoid  phase 
is  readily  distinguished  from  the  older,  hornblende  gneisses  by 
the  usual  dike-like  form,  finer  grain,  poorer  foliation  and  general 
more  firm  and  resistant  character. 

The  first  variety  is  merely  a  phase  of  an  igneous  rock  which 
has  a  wide  extent  in  Essex  and  Franklin  counties  and  whose 
nearest  outcrops  are  on  Halleck  hill  north  of  Keeseville.  The 
Rand  hill  rock  is  peculiar  and  unlike  any  heretofore  described 
from  the  Adirondack  region.  While  the  ordinary  Adirondack 
rock  is  related  to  the  gabbros,  it  is  of  a  special  and  peculiar  type 
to  which  the  name,  anorthosite,  has  been  applied.  The  Rand  hill 
rock  is  of  an  intermediate  type  which  may  be  distinguished  by 
calling  it  anorthosite-gabbro. 

AnorihoBxiegabhro 

Anorthosite  is  a  deep-seated  igneous  rock  composed  essentially 
of  labradorite  (or  some  allied  feldspar)  with  accessory  augite, 
hypersthene  and  titaniferous  magnetite  (or  ilmenite),  the  total 
amount  of  all  these  being  but  slight.  Gabbro  is  a  similar  rock 
of  augite  (or  hypersthene)  and  labradorite  in  an  approximation 
to  equal  quantity.  Anorthosite-gabbro,  while  predominantly 
feldspathic,  has  the  other  minerals  in  suflBcient  quantity  to  make 


BBPOBT  OF  THE  DIRECTOR   AND  STATE  GEOLOGIST  r53 

it  necessary  that  they  be  considered  essential  constituents  of  the 
rock  rather  than  mere  accessoiies. 

The  Adirondack  anorthosites  were  originally  very  coarse 
grained  rocks,  the  individual  crystals  of  labradorite  often  attain- 
ing a  length  of  three  inches  or  more.  The  deformation  which 
they  suffered  while  deeply  buried,  more  or  less  broke  up  these 
large  crystals  into  a  mass  of  granular  fragments,  with  the  result 
that  the  rocks  as  now  exposed  consist  partly  of  the  unbroken 
portions  of  the  original  crystals  and  partly  of  the  granular  ma- 
terial, sometimes  the  one  and  sometimes  the  other  predominat- 
ing, though  usually  the  latter.  They  were  also  somewhat 
foliated,  specially  at  the  borders  of  the  mass,  where  there  is  a 
frequent  passage  into  a  well  foliated  gneiss  in  which  little  or  no 
trace  of  the  original  structure  remains. 

The  Band  hill  rock  is  much  more  thoroughly  granulated  than 
the  usual  anorthosite  and  was,  most  probably,  originally  a  finer 
grained  rock.  In  the  southerly  exposures  the  granulation  is  prac- 
tically complete,  and  no  labradorite  au(jcn  (a  convenient  term  for 
the  uncrushed  parts  of  crystals)  remain.     It  is  only  in  the  north- 

m 

erly  exposures  that  such  are  found,  and  even  there  the  bulk  of 
the  rock  is  granulated.  Many  augen  however  remain,  running 
up  to  an  inch  in  size,  though  seldom  exceeding  that  -figure.  As 
in  general  the  border  portions  of  these  intrusions  are  the  most 
crushed,  it  is  not  probable  that  we  are  here  dealing  with  the 
limit  of  the  mass  in  this  direction,  it  in  all  likelihood  continuing 
to  the  northward  under  cover  of  the  Potsdam  sandstone. 

Since  the  Rand  hill  Tock  contains  a  larger  amount  of  minerals 
other  than  feldspar,  than  does  the  usual  anorthosite,  it  was  more 
definitely  foliated  by  deformation,  and  much  of  the  rock  exposed 
18  thoroughly  gneissoid.  As  a  whole  however  it  strongly  resem- 
bles some  of  the  border  phases  of  the  larger  intrusions. 

The  most  important  difference  between  this  rock  and  anortho- 
site consists  in  the  constant  presence  in  considerable  amount  of 
quarts;  so  that  strictly  it  should  be  called  a  quartz-anorthosite- 
gabbro.  The  rock  is  of  somewhat  unusual  type,  has  not  been  here- 
tofore described  from  the  region,  and  is  therefore  deserving  of 
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minute  description.    Unfortunately  it  has  not  been  investigated 

chemically. 

Minetal  content 

The  primary  minerals  (thoee  formed  by  the  original  cooling  of 
the  rock)  which  have  been  noted  in  the  Band  hill  gabbro  are  as 
follows,  in  relative  order  of  abundance:  plagioclase  felds^par 
(usually  labradorite),  augite,  quartz^  hornblende,  hypepsthene, 
apatite,  ilmenite  (or  titaniferous  magnetite),  zircon,  pyrite,  pyr- 
rhotite  and  titanite.  Secondary  minerals  are  garnet,  hornblende, 
biotite  and  quartz.  There  are  a  number  of  other  minerals  present 
which  have  resulted  from  the  excessive  alteration  or  decomposi- 
tion of  the  foregoing,  but  they  are  the  usual  ones  and  do  not  need 
farther  mention.  The  order  of  crystallization  was  the  usual  one, 
first  the  zircon  and  apatite,  followed  by  the  iron  ores,  then  the 
hyperfithene,  augite  and  hornblende,  whose  relative  order  is  not 
apparent,  next  the  feldspar  and  last  of  all  the  quartz.  The  periods 
of  formation  of  the  dark  silicates  and  of  the  feldspar  largely  over- 
lap. 

The  feldspar  is  in  all  respects  like  that  of  the  anorthositee.  It 
is  full  of  inclusions  of  uncertain  nature,  mostly  of  short,  stout, 
opaque  rods.  It  is  usually  a  well  twinned  plagioclase,  albite 
twinning  being  well  nigh  universal,  that  after  the  pericline  law 
often  combined  with  it,  but  Carlsbad  twinning  being  very  excep- 
tional. Sections  cut  perpendicularly  to  the  twinning  plane  show 
maximum  extinctions  of  from  20°  to  24°  in  all  the  slides.  This 
makes  it  reasonably  certain  that  no  feldspar  more  basic  than  lab- 
radorite is  present,  though  not  precluding  the  possibility  of  a 
more  a<?id  one  being  at  hand  in  slight  amount.  Five  cleavage 
pieces  (parallel  to  the  M  cleavage)  from  different  augen  give  ex- 
tinctions of  from  — 15°  to  — 17°  from  the  edge  of  the  P  cleavage, 
with  an  average  of — 16°^  which  i«  precisely  the  angle  of  typical 
labradorite,  Ab^  An,. 

Of  the  pyroxenes  hypersthene  is  relatively  rare,  a  light  green, 
non-pleochroic  augite  being  the  usual  mineral.  This  is  identical 
with  the  usual  augite  of  the  anorthosites  and  has  been  often 
described. 
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While  there  is  unquestionably  some  primary  hornblende  in 
this  rock,  much  of  this  mineral  is  secondary  after  augite,  and  most 
of  the  rock  is  not  sufficiently  fresh  to  permit  a  good  judgment 
as  to  the  relative  proportions  of  the  two.  When  the  respective 
amounts  of  hornblende  and  augite  are  compared,  much  variation 
ifi  found,  and  some  of  the  rock  would  be  more  properly  described 
as  a  diorite,  rather  than  a  gabbro.  In  general  the  augite  pre- 
ponderates, and  the  close  relationship  between  these  rocks  and 
the  anorthosites  is  so  evident  that  the  general  application  of  the 
term,  gabbro,  to  the  whole  is  perfectly  justifiable. 

The  ilmenite  (or  titaniferous  magnetite)  and  the  zircon  are 
quite  as  in  the  anorthosite.  Occasional  crystals  of  the  latter  are 
of  sufficient  size  to  be  visible  with  a  hand  lens. 

Pyrite  and  pyrrhotite  are  not  as  abundant  as  in  many  parts  of 
the  anorthosite,  but  both  are  sparingly  present. 

The  great  abundance  of  apatite  in  much  of  the  rock  is  one  of 
its  unusual  features.  In  addition  to  the  usual  minute,  slender 
crystals  is  much  coarser  apatite  in  irregular  grains,  often  con- 
centrated in  little  streaks  which  run*  clear  across  a  slide.  It  is 
very  irregularly  distributed,  but  at  a  rough  estimate  there  is 
from  Bfi  to  5^  in  the  rock  as  a  whole,  and  several  of  the  slides 
show  from  6^  to  10^. 

As  has  been  stated,  this  rock  underwent  deformation  while 
deeply  buried.  The  individual  crystals  were  strained,  bent, 
broken  and  more  or  less  completely  granulated,  with  considerable 
recrystallization  accompanying  the  process.  That  much  of  the 
granular  feldspar  has  been  recrystallized  is  indicated  by  the  fact 
that  much  of  it  does  not  contain  the  minute  inclusions  which  are 
80  characteristic  a  feature  of  the  original  feldspar.  In  part  also 
the  granular  feldspar  is  untwinned,  and  such  individuals  usually 
show  irregular,  patchy  intergrowths  of  two  different  feldspars. 
Thifi  has  not  been  carefully  investigated,  but  such  intergrowths 
are  atoo  found  in  some  undoubted  labradorites,  and  Becke's 
method  indicates  little  or  no  difference  in  refractive  power  be- 
tween the  two  feldspars. 
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The  main  dififereuce  in  mineralogic  make-up  of  the  rock  result- 
ing from  deformation  is  the  production  of  abundant  garnet.  This 
is  usually  a  dark  red  garnet  (probably  a  lipe-alumina-iron  garnet) 
which  occurs  either  ae  well  formed  crystals  or  as  rims  around 
the  magnetite  (ilmenite).  It  occurs  between  labradorite  and  mag- 
netite, less  often  between  augite  or  hornblende  and  labradorite, 
and  never  away  from  the  feldspar.  The  material  of  which  it  i& 
composed  has  been  derived  from  the  adjacent  minerals,  particle 
by  particle,  the  garnet  forming  at  their  expense.'  As  it  is  a  more 
basic  mineral  than  the  labradorite,  an  excess  of  silica  is  left, 
which  has  crystallized  out  as  quartz,  partly  inclosed  in  and  partly 
bordering  the  garnet.  What  has  become  of  the  soda  of  the  feld- 
spar ifi  an  interesting  question.  It  would  seem  that  albite  should 
have  formed,  but  it  has  not  been  detejcted. 

It  is  not  easy  to  account  for  the  fact  that  garnet  has  not  been 
produced  between  magnetite  and  feldspar  in  all  cases,  but  there 
are  quite  numerous  instances  of  magnetite  wholly  surrounded  by 
feldspars,  or  partly  inclosed  by  them,  in  which  there  is  no  trace 
of  garnet  formation.  Evidently  some  accessory  to  the  process 
was  present  in  the  one  case  and  absent  in  the  other.  It  does  not 
seem  to  have  been  water,  since  around  some  such  magnetites  the 
feldspar  is  thoroughly  granulated  and  has  apparently  been 
largely  recrystallized^  implying  the  presence  of  water.  The  de- 
velopment may  have  been  confined  to  the  cleavage  planes,  and 
unquestionably  is  mainly  in  them. 

In  those  parts  of  the  rock  in  wiiich  garnet  is  scarce  or  lacking 
the  magnetite  is  always  completely  inclosed  by  pyroxene  and 
hornblende.  To  a  certain  extent  such  hornblende  seems  to  have 
resulted  from  interaction  of  the  magnetite  and  pyroxene. 

Between  hornblende,  or  pyroxene,  and  feldspar  garnet  is  by  no 
means  so  freiiuent  as  in  the  other  association.  It  is  in  the  more 
gneissoid  varieties  of  the  rock  that  it  is  found  so  associated  most 
abundantly,  here  being  well  crystallized  and  strung  out  with  the 
dark  silicates  along  the  cleavage  planes.  Here  unquestionably 
much  recrvistallization  has  taken  place,  consequent  on  the  deep- 
8en(ed  deformation,  and  the  garnet  formation  is  to  be  ascribed 
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to  this  period.  In  the  case  of  the  corrosion  zones  around  magnet- 
ite there  may  be  some  question  whether  the  garnet  developed  at 
this  time  or  earlier. 

Quartz  occurs  in  the  rock  associated  with  garnet,  as  already 
noted.  But  in  addition  there  is  much  coarser,  granular  quartz 
along  with  the  granulated  feldspar.  None  could  be  found  which 
could  be  definitely  determined  to  be  primary _,  most,  if  not  all,  of 
it  haying  recrystallized  during  deformation.  On  the  other  hand, 
it  is  quite  certain  that  the  recrystallization  has  been  nearly  in 
«itu,  and  that  in  the  original  rock  an  equally  large  amount  of 
quartz  was  present.  Some  few  large  individuals  found  with 
large,  uncrushed  labradorites  would  seem  in  all  probability  pri- 
mary. A  rough  estimate  of  the  amount  present  in  the  rock 
would  give  a  range  from  none  to  15;^  with  an  average  of  at  least 
lOjf. 

A  farther  indication  of  the  considerable  amount  of  recrystalli- 
zation which  the  rock  has  experienced,  is  furnished  by  the  occa- 
sional presence  of  quartz  inclusions  in  feldspar  and  even  in  horn- 
blende antf  augite;  quite  after  the  fashion  of  the  inclusions  in 
many  of  the  gneieses. 

Gabbroic  rocks  containing  quartz  have  been  described  from 
several  localities  in  many  parts  of  the  world;  hence  this  occur- 
ronQe  is  by  no  means  unique.  Yet  it  is  exceptional  and  import- 
ant. Notwithstanding  the  amount  of  quartz,  it  is  by  no  means 
certain  that  the  rock  is  more  acid  than  the  ordinary  anorthosite. 
If  from  3^  to  5j^  of  alumina  was  replaced  by  iron  in  the  ordinary 
anorthosite  magma^  an  excess  of  silica  which  would  crystallize 
out  as  quartz  would  result.  That  this  anorthosite-gabbro  was 
derived  from  the  same  parent  molten  mass  as  produced  the  anor- 
thosite, is  beyond  question. 

The  writer  has  previously  called  attention  to  the  great  similar- 
ity between  the  eruptive  rocks  of  the  Adirondacks  and  those  of 
the  Ekersund-Soggendal  district  in  Norway,  recently  exhaustively 
described  by  Kolderup.^    This  writer  describes  a  qnartz-uorite  as 

^K<Hdemp,  0.  P.    Bergens  museums  Aarbog.    1896.    Die  labradorfelse 
des  wesfHcben  Norwegrens. 
Onshlng;  H.  P.    Bui.  geol.  see.  Amer.  10:190. 
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occurring  in  considerable  amount  there;  and  the  Rand  hill  rock 

furnishes  etill  another  illustration  of  the  close  parallelism  of  th# 

two  series. 
An  analysis  of  the  anorthosite  gabbro  from  Game's  quarry 

has  been  made  by  Prof.  E.  W.  Morley  to  whom  the  writer  wishes 
to  express  hifi  great  indebtedness.  This  analysis  follows  to- 
gether with  one  of  an  Adirondack  anorthosite  and  one  of  an  Ad- 
irondack gabbro  for  comparison. 

1  2  3  4 

S1O2 47.42  51.62     54.62       .8603 

APO2 17.34  24.25     26.5         .2397 

FeaOa.. 4.91  1.65         .76       .0103 

FeO 10.22  5.3           .56       .0736 

MgO 5.21  1.21         .74       .0302 

CaO 8.09  9.97      9.88       .178 

Na.O 3.48  3.49      4.5         .0563 

K2O 1.89  1.27       1.23       .0135 

H2O 1.13  .72         .91 

Ti02 3.6  undet. 

P2O5 06 

CI 21  " 

MnO 06  .1 

BaO .04  undet. 

Total 100.06         99.78     99.70 

0=C1 05  Sp.gr. 2.8 

100.01 

1  Analysis  by  E.  W.  Morley  of  the  least  metamorphosed  hy- 
perite  gabbro  that  I  have  met  in  the  Adirondacks,  Hopkinton, 
St  Lawrence  co. 

2  Quartz-anorthosite-gabbro,  Carne's  quarry,  Rand  hill,  Altona 
township;  analysis  by  E.  W.  Morley. 

3  Anorthosite,  analysis  by  A.  R.  Leeds,  13th  annual  report 
New  York  state  museum,  1876. 

4  Molecular  ratios  of  analysis  2. 

From  the  molecular  ratios  a  rough  calculation  of  the  mineral 
composition  of  the  anorthosite  gabbro  is  readily  made,  the  al- 
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kalies  and  a  part  of  the  lime  being  assumed  to  go  into  the  feld- 
spar,  the  residue  of  alumina  and  lime  along  with  the  iron  and 
magnesia  forming  garnet,  augite  and  hornblende.  The  result  i« 
as  follows. 

%  % 


Magnetite 2.4 

Garnet 11.75 

Augite 11.0 

Anorthite 32.0 


Albite 29.7 

Orthoclase 7.5 

Quartz 5.0 


This  calculation  agrees  well  with  the  evidence  of  the  thin  sec- 
tion as  to  the  composition  of  the  rock  except  that  the  latter 
would  indicate  a  somewhat  larger  percentage  of  free  quartz. 
But  even  5}^  of  quartz  in  a  rock  of  this  basicity  is  noteworthy, 
and  some  of  the  rock  of  the  hill  is  considerably  richer  in  quartz 
than  that  analyzed. 

A  comx>arison  of  the  three  analyses  brings  out  clearly  the  close 
relationship  of  the  rock  to  ordinary  anorthosite  on  the  one  hand, 
and  its  intermediate  position  between  that  and  gabbro  on  the 
other.  But  as  in  all  gabbroic  rocks  there  is  much  variation  from 
place  .to  place  and  unquestionably  samples  from  different  por- 
tions of  the  hill  exposures  would  be  found  to  vary  widely.  It  is 
not  thought  that  any  is  more  basic  than  that  analyzed,  but  likely 
much  is 'somewhat  more  acid.  While  much  of  the  Band  hill 
rock  is  very  rich  in  apatite  it  is  barely  present  in  the  rock  an- 
alyzed. 

Augite-syenite 

On  the  east  edge  of  Band  hill,  near  the  top  of  the  cliff,  is  a 
flmall  area  of  a  greenish  gray,  fine  grained^  rather  gneissoid  rock 
in  which  recently  a  quarry  has  been  opened.  This  is  classed 
with  rocks  quite  widespread  in  the  Adirondack  region  and  re- 
cently described,  though  a  small  degree  of  doubt  remains  as  to 
the  correctness  of  the  reference.^  This  rock  is  thoroughly  granu- 
lated and  gneissoid,  with  much  recrystallization,  yet^  excepi  for 
its  finer  grain,  it  has  precisely  the  same  appearance  and  mineral 
content  as  the  ordinary  augite-syenite  as  it  appears  at  Loon  lake 

HTnahiiiff,  H.  P.    Bui.  geol.  soc.  Amer.     10:177-93. 
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or  Tupper  lake.  Its  minerals  are  hornblende,  augite,  bronzite, 
feldspars  and  quartz,  with  accessory  magnetite,  apatite  and  zir- 
con^  and  garnet  also  in  the  outer  parts  of  the  mass.  The  feld- 
spar is  mostly  anorthoclase,  some  showing  plainly  irregular  inter- 
growths  of  two  feldspars,  probably  orthoclase  and  albito.  (Juite 
a  little  oligoelase  is  present  in  addition.  Quartz  constitutes  some 
15^  of  the  rock. 

The  outcrops  of  this  rock  are  not  extensive,  and  it  clearly  is  a 
mass  of  no  great  size^  extending  only  a  few  rods  in  any  direction. 
On  the  east,  down  the  hill,  the  rock  appears  to  be  grading  into 
the  ordinary  gneiss,  but  no  further  exposures  appear  in  that 
direction.  In  all  other  directions  anorthosite-gabbro  or  else 
gneiss  is  reached  at  no  great  distance,  but  there  are  absolutely  no 
contacts  showing  anywhere,  so  that  the  field  relations  of  this  ap- 
parent syenite  are  left  in  entire  uncertainty.  So  far  as  the  a^e 
of  the  augite-syenite  is  known,  it  is  younger  than  the  anorthosite, 
but  that  need  not  necessarily  imply  that  it  is  younger  than  this 
anorthosite-gabbro.  This  occurrence  may  be  a  dike,  though  that 
is  unlikely^  as  its  extension  could  not  anywhere  be  found;  it  may 
be  a  small  intrusive  mass,  though  it  is  exceptionally  small  for  a 
mass  of  such  origin.  In  the  utter  absence  of  field  evidence  the 
reference  is  made  simply  on  the  character  of  the  rock. 

Later  igneous  rocks 

The  much  later  age  of  these  rocks  is  inferred  from 
the  fact  that  they  are  wholly  unmetamorphosed,  though 
they  have  suffered  deformation.  It  is  thought  that  this 
deformation  would  have  caused  metamorphism,  had  the  rocks 
been  buried  deeply  enough.  The  inclosing  rocks  are  older 
and  were  metamorphosed  before  these  later  rocks  found  their  way 
through  them.  ^Yhen  metamorphosed,  they  were  deeply  buried 
in  the  zone  of  flow,  and  are  now  exposed  at  the  surface  because 
all  the  overlying  rock  has  been  eroded  away.  But  the  later  rocks 
exposed  at  the  surface  have  never  been  in  that  zone.  Much  less 
rock  had  to  be  worn  away  to  bring  the  present  exposures  to  the 
surface,  and  hence  a  long  erosion  period  between  the  time  of 
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formation  of  the  inclosing  rocks  and  of  these  later  ones  is  argued* 
It  is  thought  that  the  amount  of  material  removed  during  this 
time  will  not  fall  short  of  the  entire  amount  which  has  since  been 
removed,  but^  even  if  this  be  an  overestimate,  the  intervening 
period  must  have  been  long. 

As  has  been  already  stated,  these  rocks  are  found  at  the 
present  time  only  in  dikes.  We  see  the  channels  through  which 
the  material  ascended,  but  can  not  tell  whether,  any  reached  the 
land  surface  of  that  time,  nor  do  we  anywhere  get  a  glimpse  of 
the  reservoirs  which  supplied  the  material,  since  erosion  has  not 
yet  cut  deeply  enough  to  disclose  them.  The  comparatively  small 
area  now  occupied  by  these  dikes  thus  gives  little  idea  of  the 
possible  importance  of  this  eruptive  period.  It  seems  however 
improbable  that  great  surface  flows  should  have  taken  place,  else 
we  should  surely  find  remnants  of  them  in  protected  places.  It 
seems  more  likely  that  the  forces  of  eruption  were  spent  in  form- 
ing intrusive  masses  from  which  the  dikes  radiated  upward, 
dying  out  above.  The  dikes  plainly  owe  their  existence  to  the 
same  causes  which  were  responsible  for  the  earlier,  great  intru- 
sions, and  mark  the  last  paroxysm  of  igneous  activity  from  that 
source. 

The  two  distinct  dike  rocks  of  this  period  have  been  already 
noted.  On  Band  hill  the  two  are  more  nearly  of  equal  import- 
ance and  abundance  than  in  any  other  spot  in  the  entire  Adiron- 
dack region^  and  dikes  of  both  sorts  are  very  numerous.  19  of 
the  red,  syenite  dikes  have  been  found  on  the  hill,  of  which  seven 
were  noted  in  a  previous  report.^  The  black,  diabase  dikes  are 
even  more  numerous,  but  impossible  to  enumerate,  since  they  are 
frequently  found  combined  into  a  great  dike  plexus  of  many 
branches.  The  display  of  dikes  is  the  most  impressive  known  in 
the  Adirondacks.  It  must  either  signify  an  intrusive  mass  not 
far  beneath  or  else  mark  the  spot  whence  much  material  was 
poured  out  on  the  old  surface  above. 

»16th  an.  rep't  of  the  N.  Y.  state  geol.  1895.  p.  562-66.  When  this 
report  was  written  these  dikes  had  not  been  differentiated  from  the 
sbnUar^  post-Utica  dikes  along  Lake  Ghamplain,  and  they  are  therefore 
■pcftenof  H  bostonltes. 
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The  wider  distribution  of  these  dikes  is  of  interest.  The 
syenite  dikes  do  not  range  far  to  the  west  and  south  of  Band 
hill,  and  so  far  as  present  knowledge  goes  must  be  counted  by 
tens  in  the  Adirondack  region  as  a  whole.  But  the  diabase  dikes 
range  farther  to  the  west  and  far  to  the  south,  and  there  are 
hundreds  of  them.  It  is  also  of  interest,  taking  a  still  wider 
riew,  to  note  that  igneous  activity  was  widespread  over  the  land 
areas  and  shallow  sea  bottoms  to  the  east  and  west  of  the  Adiron- 
dacks  during  these  very  ancient  times,  and  that  the  Adirondack 
eruptives  are  very  like  those  which  characterized  Keweenawan 
time  in  the  upper  lake  region,  and  probably  approach  them  as 
nearly  in  age  as  they  do  in  character. 

These  dikes  vary  in  width  from  an  inch  or  two  to  forty  or  fifty 
feet.  Their  contacts  with  the  inclosing  rocks  are  exceedingly 
sharp.  Joints,  due  in  large  part  to  shrinkage  on  cooling,  are 
much  more  numerous  than  in  most  of  the  adjacent  rocks,  so  that 
the  dike  rocks  weather  out  into  a  multitude  of  sharply  angular, 
small  blocks. 

The  syenite  dikes  are  usually  of  some  shade  of  red,  ranging  to- 
ward and  passing  into  a  brownish  black  in  some  instances.  They 
mostly  show  rather  large,  porphyritic  feldspars  and  sometimes 
black  mica  as  well.  The  narrow  dikefs  and  the  margins  of  the 
larger  ones  consist  of  very  fine  grained,  flinty  rock.  Their  gen- 
eral composition  is  of  magnetite  or  specular  hematite,  hornblende, 
biotite,  microperthitic  feldspar  and  quartz,  but  they  vary  greatly 
in  acidity  and  hence  in  the  relative  proportions  in  which  these 
minerals  are  present.  Some  of  these  dikes  have  been  described 
in  considerable  detail  elsewhere,  and  those  more  recently  dis- 
covered add  little  that  is  new.^ 

The  diabases  are  without  exception  black  in  color,  weathering 
to  yellowish  brown  along  the  joint  planes,  so  that  the  small 
weathered  blocks  show  simply  this  color.  They  vary  in  grain 
with  size,  but  all  are  very  fine  grained.  Nearly  all  show  porphy- 
ritic feldspars  which  in  a  few  dikes  are  notably  large  and  may 
reach  a  length  of  an  inch,  but  which  are  usually  minute.    These 

*Cu8hing,  H.  P.    Bui.  geol.  soc.  Amer.    9:239-56. 
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dikes  have  been  described  in  caneidemble  detail  by  Kemp.^ 
They  vary  greatly  in  structure  and  mineral  content.  Practically 
all  are  porphyritic,  but  in  the  center  of  the  larger  dikes  the 
porphyritic  structure  disappears,  and  the  rock  becomes  a  true  dia- 
base; otherwise  it  is  more  properly  a  diabase-porphyry.  Olivine 
is  almost  always  present. 

These  rocks  have  almost  identically  the  composition  of  the 
hyperite-gabbros,  yet  no  garnet,  so  abundant  in  the  gabbro,  has 

developed.  On  the  other  hand,  biotite  rims  around  magnetite, 
specially  at  magnetite-feldspar  contacts,  are  a  conspicuous  fea- 
ture in  the  diabase,  and  occur  also  in  the  gabbro.  The  writer  has 
found  no  biotite  in  his  freshest  diabase  dikes,  and  in  those  in 
which  it  occurs  it  seems  always  to  be  surrounded  by  more  or  less 
altered  parts  of  what  may  be  otherwise  quite  fresh  rocks.  Hence 
a  disposition  to  regard  it  as  secondary  instead  of  primary  and 
also  to  regard  it  as  produced  in  a  more  superficial  zone  than  that 
in  which  the  garnet  develops. 

The  only  rocks  with  which  these  diabases  ^re  likely  to  be  con- 
fused by  anyone  are  some  of  the  narrower  dikes  of  hyperite-gab- 
bro.  From  any  of  these  they  may  be  easily  distinguished  by  their 
finer  grain,  greater  variation  in  grain  from  center  to  margin, 
more  flinty  character  and  more  excessive  jointing. 

In  only  one  case  has  it  been  possible  to  make  a  relative  age 
determination  between  these  two  sets  of  dikes.  At  the  summit 
of  Band  hill,  one  fourth  of  a  mile  east  of  the  house  of  L.  San- 
ger and  on  the- east  side  of  a  knoll  of  gabbro,  a  15  inch  dike  of 
the  syenite-porphyry,  bearing  n  G5^  e,  is  cut  by  a  dike  of  dia- 
base of  the  same  width  bearing  east  and  west.  In  this  case  the 
diabase  is  indisputably  the  younger.  While  this  does  not  make 
it  safe  to  say  that  all  diabase  is  younger  than  all  the  syenite,  it 
at  least  points  in  that  direction. 

Paleozoic  rocks 

Potsdam  sandstone.  Bocks  classed  as  of  Potsdam  age  are  at 
the  surface  over  the  larger  part  of  the  Mooers  sheet.     The  pock 


^tmtm^a^m^ 


^Ksnq^  J.  F.    BuL  107  U.  S.  geoL  sur.    p.  24-29. 
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as  a  whole  is  of  very  uniform  character,  mostly  a  coarse  grit, 
white  or  buff  in  color,  lying  in  quite  massive  beds  which  in 
places  weather  into  flags.  Much  of  the  rock  is  cross-bedded,  and 
the  surfaces  of  many  layers  are  ripple-marked.  More  or  less 
pebbly  layers  prevail  throughout^  though  most  notably  at  the 
base. 

The  bulk  of  the  formation  consists  of  pretty  pure  quartz  sand. 
There  is  considerable  variation  in  thoroughness  of  induration 
among  the  different  layers,  but  the  great  mass  of  the  rock  is  not 
very  porous,  the  interspaces  between  the  quartz  grains  being  very 
thoroughly  filled  with  secondary  silica.  Hence  but  few  of  the 
layers  are  water-bearing. 

The  thickness  of  the  formation  is  unknown.  The  beds  are 
nearly  horizontal,  the  prevailing  dip  being  to  the  north  and 
seldom  reaching  5°,  while  in  the  majority  of  cases  it  is  so  slight 
as  to  prevent  accurate  measurement.  Dips  changing  from 
northeast  to  northwest  indicate  the  presence  of  extremely  gentle 
folds.  The  homogeneous  character  of  the  rock  makes  it  im- 
possible to  follow  individual  beds  for  any  distance  and  also  pre- 
vents the  detection  of  the  faults  which  are  assuredly  present. 
The  thickness  is  unquestionably  great,  but  its  determination 
must  await  the  evidence  of  the  drill,  and  the  recent  boriug  at 
Morrisonville,  the  only  deep  w^ell  ever  put  down  in  Clinton  county, 
has  passed  only  part  way  through  the  formation.  The  record 
will  appear  on  a  later  page,  but  a  thickness  of  800  feet  of  Pots- 
dam has  been  passed  through  with  no  indication  of  approach  to 
the  base  of  the  formation,  so  that  the  entire  thickness  may  be 
double  that  amount. 

The  basal  beds  of  the  formation  differ  in  character  from  the 
main  mass,  much  of  the  rock  becoming  coarse  and  pebbly  and 
some  very  coarse  conglomerates  occurring.  Red  is  the  prevail- 
ing color  for  the  finer  grained  basal  beds,  the  more  strongly 
colored  owing  it  to  secondary  deposition  of  iron  oxid  (hematite). 
The  basal  beds  are  by  no  means  as  purely  quartzose  as  the  main 
mass  of  the  formation^  feldspar  (mostly  red  orthoclase)  being 
present  in  large  quantity  and  in  places  much  magnetite  in  addi- 
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ticm.  This  part  of  the  rock  is  more  properly  an  arkose  than  a 
sandstone.  As  these  rocks  were  formed  from  the  ruins  of  the 
pre-GamJbrian  rocks,  their  composition  indicates  much  only 
partially  decomposed  material  on  the  old  land  surface,  and 
some  of  the  very  coarse  conglomerates  exhibit  very  coarse  ma- 
terial of  this  kind,  only  slightly  water-worn,  as  if  protected  in 
an.  old  hollow  of  the  surface. 

There  is  much  conglomerate  in  the  basal  Potsdam  of  the 
Mooers  sheet  but  by  no  means  so  coarse,  or  so  extensive,  as  in 
many  other  places.  But  the  baeal  red  beds  are  more  widely 
exposed  than  in  any  other  part  of  the  Adirondack  region.  Oh 
the  north  and  west  of  Rand  hill  there  is  much  thin-bedded,  deep 
red  rock  which  disintegrates  easily,  and  is  interbedded  with 
harder  and  firmer  bands  of  massive  red  sandstone.  These  rocks 
give  rise  to  a  deep  red  soil  by  their  rapid  breaking  down.  The 
harder  beds  furnish  an  excellent  building  stone,  not  so  flinty  and 
of  a  deeper  red  color  than  the  well  known  stone  from  Potsdam. 

• 

These  beds  seem  to  mark  the  extreme  base  of  the  formation  in 
this  vicinity.  They  are  so  extensive  and  so  different  from  the 
usual  coarse  base  of  the  Potsdam  that  there  has  been  some  ques- 
tion in  the  writer's  mind  as  to  whether  they  properly  belong  with 
it,  but,  aside  from  their  somewhat  different  lithologic  character, 
no  evidence  for  or  against  this  view  has  been  forthcoming. 

On  the  west  side  of  Rand  hill,  surrounded  by  pre-Cambrian 
rocks  on  three  sides  and  with  their  extent  to  the  southwest 
hidden  by  the  heavy  moraine  covering  in  that  direction,  are  two 
ontUers  of  these  red  beds,  which  gave  the  writer  the  idea,  in  his 
earlier  and  more  hurried  survey,  that  the  Rand  hill  pre-Cambrian 
rocks  were  nearly  or  quite  surrounded  by  the  Potsdam.  But 
diligent  search  in  the  woods  of  western  Beekmantown  resulted 
in  the  discovery  of  three  small  exposures  of  gneiss,  sufficiently 
separated  to  show  clearly  the  absence  of  the  Potsdam.  These 
outliers  are  at  the  same  elevation  as  the  corresponding  beds 
jhrther  north,  no  sign  of  faulting  was  discovered,  and  they  are 
believed  to  occupy  pld  depressions  in  the  pre-Cambrian  surface, 
as  Kemp  believes  similar  outliers  in  Essex  county^  to  do. 

"Kempb  J,  F.'xBnL  geoL  soc  Amer. 
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In  the  southeastern  corner  of  the  sheet,  on  the  unnamed  hill  in 
extreme  northeast  Dannemora,  the  Potsdam  sandstone  is  foand 
at  the  greatest  altitude  yet  noted  for  that  formation  in  the 
Adirondack  region.  This  hill  was  erroneously  mapped  as  gneiss 
in  the  report  on  Clinton  county  in  the  15th  annual  report  of  the 
New  York  state  geologist.  As  it  is  difficult  of  access,  and  time 
could  not  be  taken  to  visit  it,  the  topography^  the  altitude,  and 
the  statements  of  guides  were  taken  as  the  basis  of  the  mapping. 
But  it  seems  unsafe  tO'  infer  anything  in  Adirondack  geology. 
The  ground  must  be  gone  over  foot  by  foot. 

The  hill  breaks  off  in  a  cliff  on  the  west  side  which  looks  like  a 
fault  scarp.  On  the  north  and  east  at  1600  feet  is  a  broad  shelf 
of  bare,  nearly  horizontal  sandstone,  which  is  covered  with  blue- 
berries and  reproduces,  on  a  small  scale,  the  conditions  on  the 
Flat  rtocks  in  Altona.  Rock  was  found  exposed  on  the  hill  up 
to  1700  feet.  The  top  is  covered  with  morainic  material  but  how 
deeply  is  uncertain;  the  Potsdam  certainly  runs  up  to  something 
over  1700  feet  however.  A  section  of  at  least  200  feet  in  thick- 
ness is  comprised  in  the  hillside.  The  occurrence  of  the  rock 
at  this  elevation  is  strongly  suggestive  of  its  former  much 
greater  extent  in  the  region. 

Passage  beds.  Between  the  Potsdam  and  the  overlying  lime- 
stones is  a  zone,  some  50  feet  in  thickness,  of  rapidly  alternating 
layers  of  pure  white  sandstone  with  all  the  lithologic  characters 
of  the  Potsdam,  and  gray,  sandy,  dolomitic  limestone  precisely 
like  the  Oalciferous  above.  These  beds  have  been  usually  classed 
with  the  Potsdam.  The  only  exposures  of  these  beds  within  the 
limits  of  the  sheet  are  in  the  northern  part  of  Mooers  township. 
The  geologic  map  of  Canada  shows  Calciferous  coming  down  to 
the  boundary  at  this  point,  but  on  the  New  York  side  of  the  line 
there  is  no  Calciferous  exposed  unless  these  passage  beds  are  to 
be  counted  such.  ' 

Calciferous  (Beekmantown)  limestone.^      Though  rocks  of  this 


^Clark  &  Schuchert.  Science.  10:874-78.  The  term,  Beekmantown,  is 
mucli  more  suitable  than  the  old  name  and  should  supersede  it.  The  type 
localities  are  just  outside  the  limits  of  the  sheet. 
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age  are  the  surface  rocks  over  a  considerable  tract,  they  are  effect- 
4rely  concealed  by  heavy  drift  except  at  West  Chazy,  where  a 
thickness  of  10  feet  of  massive,  blue-gray  dolomite  is  exposed  in 
the  ttver  and  a  higher  layer  at  the  surface  in  the  town.  South  of 
West  Chazy  and  east  of  Rand  hill  there  is  not  a  single  exposure 
of  rock  within  the  limits  of  the  map,  though  plentiful  outcrops 
occur  in  Beekmantown,  just  beyond  those  limits.  Some  uncer- 
tainty therefore  prevails  as  to  just  what  is  underneath.  It  is 
the  writer's  opinion  that  the  Calciferous  extends  all  the  way  to 
tlie  edge  of  the  Rand  hill,  being  there  faulted  down  against  the 
pre-Oambrian.  This  opinion  is  based  on  the  fact  that  to  the  south, 
in  Plattsburg,  the  Calciferous  runs  as  far  west  as  what  is  taken 
to  be  the  prolongation  of  this  fault  line.  But  it  is  by  no  means 
impossible  that  another  fault  is  concealed  in  this  interval, 
in  which  case  Potsdam  would  lie  between  the  Caciferous  and  the 
pre-Cambrian.  On  account  of  this  uncertainty  the  concealed  in- 
terval is  colored  as  Pleistocene  on  the  map,  such  coloration  being 
usedi  only  where  the  Pleistocene  deposits  are  sufficiently  exten- 
sive to  render  the  areal  mapping  of  the  older  rocks  at  all  doubt- 
ful. 

The  Calciferous  formation  is  a  quite  thick  one  in  the  Champlain 
valley,  Brainard  and  Seeley  having  shown  a  thickness  of  1800  feet 
in  western  Vermont,  No  complete  section  has  been  found  in 
New  York,  but  the  different  parts  of  the  formation  show  much 
the  game  thickness  as  in  Vermont,  and  the  total  thickness  can  not 
fall  greatly  short  of  the  amount  found  there.  The  meager  ex-: 
posnres  at  West  Chazy  do  not  suffice  for  the  determination  of  the 
precise  horizon  in  the  formation.  They  lie  close  to  a  fault  line, 
dip  6^  to  the  east  instead  of  in  the  usual  northerly  direction  and 
may  represent  a  small  dislocated  block  produced  by  the  faulting. 

m 

Chaiy  limestone.  Only  the  extreme  lower  beds  of  this  forma- 
tion are  shown  within  the  map  limits,  occupying  a  narrow  zone 
between  two  greiat  faults,  between  which  the  Chazy  is  thrown 
down.  The  dip  is  away  from  the  westerly  and  toward  the  east- 
erly fanlt.  The  extreme  base  is  not  shown,  but  the  lowest  layer 
appeuUig  is  a  light  eolored,  calcareous  sandstone  which  seems 
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very  similar  to  the  sandstone  described  by  Brainard  and  Seeley 
as  forming  the  base  of  the  Chazy  on  Valcour  island,  and  else- 
where along  the  lake.^  The  rock  is  peculiar  and  precisely  like 
layers  which  are  found  in  the  Potsdam-Calciferous  passage  beds. 
Glittering  cleavage  faces  of  calcite,  mottled  with  quartz  grains, 
appear  on  broken  surfaces.  The  quartz  grains  are  set  in  a  mosaic 
of  minute  dolomite  crystals,  while  here  and  there  later  calcite 
has  been  deposited  as  a  network  around  the  quartz  grains  in 
crystals  up  to  an  inch  in  length,  replacing  the  dolomite  in  those 
portions. 

Above  this  layer  appears  some  20  feet  of  blue,  crystalline  lime- 
stone, following  which  are  beds  of  gray  limestone,  spotted  with 
yellow  and  full  of  fossils,  to  a  thickness  of  30  feet.  The  most 
extensive  exposures  are  along  the  low  ridge  east  of  the  big  bend 
in  Tracy  brook.  These  upper  beds  are  the  same  as  those  which 
form  the  base  of  Brainard  and  Seeley's  section  near  Chazy  vil- 
lage,, but  the  basal  20  feet  is  below  anything  there  eeen.^ 

This  lower  Chazy  limestone  is^  with  the  exception  of  the 
Pleistocene  deposits,  the  youngest  rock  now  found  in  the  Mooers 
sheet  area.  There  can  be  no  question  however  that  the  remainder 
of  the  Chazy  (750  feet  thick),  the  Black  river  and  Trenton  lime- 
stones and  the  Utica  slate  (of  undetermined  thickness  but  at  least 
1000  feet)  were  originally  deposited  over  the  entire  area.  Then 
followed  emergence  and  the  long  continued  existence. as  a  land 
region. 

The  Morrisonville  well.  Within  the  past  two  years  drilling  for 
oil  has  been  in  progress  at  Morrisonville,  in  Plattsburg  township. 
The  locality  is  4  miles  south  of  the  map  limits  and  nearly  3  miles 
west  of  its  eastern  edge.  As  soon  as  it  was  learned  that  drilling 
was  in  progress,  a  request  was  sent  that  a  record  and  samples  be 
kept.  An  unfortunate  fire,  however,  destroyed  the  engine  house 
in  which  the  record  was  placed.  A  few  samples  had  been  kept 
elsewhere,  and  what  follows  is  based  on  these  together  with  the 
coinciding  statements  of  the  owners  and  the  driller,  these  giving 


'Bui.  geol.  soc.  Amer.     1891.     2:295. 
^American  geologist.     Nov.  1888.    2:324. 
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only  rough  determinations,  which  however  affect  the  value  of  the 
record  less  than  would  be  the  case  were  the  rocks  in  the  well  less 
homogenous. 

The  drill  at  present  rests  at  1350  feet,  and  no  work  has  been 
done  for  asome  months,  though  it  may  again  be  resumed.  Some 
20  feet  of  glacial  deposit  was  passed  through,  and  dolomite  of 
Calqiferons  age  was  struck  just  below  the  river  level,  near  which 
the  well  is  located.  Some  500  feet  of  Calciferous  are  shown  in 
the  well,  and  between  500  and  600  feet,  the  alternating  layers  of 
dolomite  and  sandstone  marking  the  passage  beds  to  the  Pots- 
dam, were  met.  The  thickness  of  these  could  not  be  learned. 
The  remainder  of  the  well  is  in  the  Potsdam,  mostly  of  hard, 
qnartzose,  white  sandstone  except  for  a  considerable  thickness  of 
red  beds,  encountered  between  800  and  900  feet.  At  the  time  of 
the  writer's  visit  the  well,  at  1250  feet,  was  in  resistant,  white 
Potsdam,  little  other  than  quartz  showing  in  the  sample.  F.  E. 
Pierce  of  Morrisonville,  one  of  the  owners,  writes  me  that  the  last 
100  feet  has  been  in  precisely  similar  rock.  This  means  that 
from  750  to  800  feet  of  Potsdam  has  been  passed  through  in  the 
well  with  no  sign,  as  yet,  of  the  arkose  beds  which  always  come 
in  as  the  base  of  the  formation  is  approached.  The  record  is  as 
follows: 

FEET 

Pleistocene  20 

Calciferous  500±2 

Passage  beds  50(?) 

Potsdam  775  ±2 

In  all  this  great  thickness  of  Potsdam  sandstone  only  one  stra- 
tum was  markedly  water-bearing.  A  trifling  amount  of  oil  was 
also  found  in  one  of  the  beds. 

Structural  features 

ToliatioiL.  This  structure  is  confined  to  the  pre-Cambrian  rocks 
and  w«B  produced  in  them  by  deformation  at  a  time  when  the 
present  flnrface  rocks  were  so  deeply  buried  as  to  be  beneath  the 
level  at  which  open  fractures  can  exist.  It  is  most  prominent  in 
the  gnelMefl  of  the  Dannemora  formation,  less  well  marked  and 
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locally  lacking  iu  the  gabbroic  intrusions,  and  wholly  absent  in^ 
the  later  dikes. 

The  direction  of  strike  of  the  foliation  planes  is  quite  uniform 
throughout  the  area  of  the  sheet  and  beyond,  being  in  general  to- 
the  northeast.  The  more  common  direction  is  n  35°  e,  though; 
the  readings  range  between  the  extremes  of  n  10°  e  and  n  50°  e^ 
variations  of  more  than  10°  from  the  usual  direction  are,  however, 
uncommon.  The  prevailing  direction  of  dip  is  to  the  northwest, 
this  being  uniformly  true  at  the  east  and  the  west,  while  in  the 
center  of  the  sheet  these  are  replaced  by  southeast  dips.  In  gen- 
eral the  dip  is  not  high,  seldom  exceeding  45°,  and  usually  flatter 
than  that,  often  only  10°  to  15°.  The  few  good  exposures  show 
that  the  dip  sometimes  becomes  momentarily  high,  quickly  flat- 
tening again  to  the  usual  amount.  The  direction  and  dip  of  the 
foliation  are  common  to  gneiss  and  gabbro  alike  and  must  have 
a  common  origin.  The  foliation  has  a  general  parallelism  to  the 
longer  axis  of  the  intrusive  mass  of  gabbro,  yet  continues  un- 
changed so  far  to  the  south  of  that,  with  no  apparent  tendency 
to  curve  around  its  southern  end,  as  to  cause  hesitancy  in  assum- 
ing that  the  compressive  effect  of  the  intrusion  has  been  mainly 
instrumental  in  the  production  of  the  foliation.  Farther,  though 
observations  on  the  foliation  of  the  later  hyperite-gabbro  are 
somewhat  unsatisfactory,  they  point  to  its  parallelism  with  that 
in  the  other  rocks  and  indicate  that,  in  so  far  at  least,  the  cause 
of  the  foliation  is  in  no  way  to  be  ascribed  to  the  larger  intrusion. 
It  is  of  course  a  possibility  that  the  Eand  hill  gabbro  is  merely 
the  bared,  upper  part  of  a  great  intrusive  mass,  much  more 
widely  extended  beneath  than  the  surface  exposures  give  any 
indication  of.  The  character  of  the  rock,  so  like  peripheral  por- 
tions of  the  great  anorthosite  masses  to  the  south,  may  be  as  well 
explained  by  this  supposition  as  by  the  idea  that  it  is  a  small, 
outlying  intrusion,  its  character  due  to  differentiation  prior  to  its 
movement  to  its  present  position.  The  gently  folded  character  of 
the  foliation  planes  may  give  weight  to  the  idea  of  a  widely  ex- 
tended igneous  mass  not  far  beneath.  In  general  it  may  be  said, 
therefore,  that  the  evidence  is  far  from  decisive  as  to  the  gabbro 
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intrnsion  being  the  cause  of  the  foliation,  nor  does  the  latter 
show  parallelism  to  the  edge  of  the  main  intrusive  masses  of  the 
Adirondacks.  It  can  be  equally  well,  perhaps  better,  explained 
as  due  to  a  force  acting  from  the  southeast,  or  from  the  north- 
west, presumably  the  former,  and  acting  at  several  different 
times.  On  the  latter  assumption  the  decreasing  perfection  of  the 
foliation  in  the  successively  younger  rocks  would  be  explained. 

Nothing  that  could  be  definitely  recognized  as  bedding  has  been 
observed  in  the  Dannemora  gneiss.  Granite  injections  parallel 
to  the  foliation  planes  often  give  a  bedding  effect,  as  do  also  cer- 
tain bands  of  hornblende  gneiss,  which  cut  across  the  foliation 
and  are  held  to  represent  ancient,  diabase  dikes.  With  these  ex- 
ceptions the  different  varieties  of  gneiss  fade  into  one  another 
instead  of  being  sharply  marked  off. 

Fanlts.  The  region  of  which  the  Mooers  sheet  is  a  part  is  an 
excessively  faulted  one,  not  only  great  breaks  but  many  minor 
ones  occurring.  Their  detection  is  a  matter  of  great  difficulty 
over  much  of  the  territory,  owing  to  widespread  drift  covering 
and  specially  to  the  uniformity  in  lithologic  character  of  the 
pre-Cambrian  rocks  and  of  the  Potsdam  sandstone. 

The  greatest  break  known  in  the  vicinity  is  that  which  has 
been  called  the  Tracy  brook  fault.^  This  is  easily  traced,  run- 
ning in  a  northeasterly  direction,  across  the  whole  of  Chazy  town- 
Bhip  with  the  Potsdam  sandstone  on  one  side  and  the  various 
members  of  the  Chazy  limestone  on  the  other,  the  entire  Cal- 
ciferons  being  faulted  out.  Its  course  is  easily  traced  from  the 
point  where  it  enters  the  sheet,  north  of  West  Chazy,  to  the  point 
where  the  brook  leaves  the  fault  line.  Beyond,  its  course  is  con- 
Jeotaral.  If  produced,  it  would  touch  the  northeast  extremity  of 
Band  hill^  along  whose  eastern  edge  there  is  unquestionably  a 
ftiolt  of  great  magnitude,  the  cliff  being  a  fault  scarp  whose 
present  relief  is  due  to  the  more  resistant  character  of  the  rock 
on  the  west,  possibly  aided  by  recent  movement.  The  way  in 
which  the  Potsdam  contact  on  the  north  climbs  the  hill,  rising 
from  800  feet  to  1400  feet  within  a  distance  of  3  miles,  is  strongly 

*VI^9SL  rei^t  N.  Y.  state  geologist.    1895.    p.  570. 
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suggestive  of  recent  faulting  and  tilting,  since  there  is  no  topo- 
graphic break  between  the  two  rocks,  yet  one  is  far  less  resistant 
than  the  other. 

The  only  difficulty  in  the  way  of  considering  this  the  prolonga- 
tion of  the  Tracy  brook  fault  is  the  sharp  change  in  direction 
from  southwest  to  south  at  the  point  of  Rand  hill.  It  is  quite 
possible  that  this  point  marks  the  junction  of  the  Tracy  brook 
fault  with  a  north  and  south  fault,  of  whose  existence  the  topo- 
graphy on  that  line  north  of  Rand  hill  gives  some  evidence.  At 
the  best,  however,  this  is  not  a  fault  of  great  throw,  while  that 
on  the  east  edge  of  Rand  hill  is  directly  comparable  in  magnitude 
to  the  Tracy  brook.  As  it  can  be  traced  to  the  south  beyond 
the  limits  of  the  sheet  and  clearly  connects  with  the  Tracy  brook 
fault,  it  gives  great  length  and  importance  to  this.  If  the  writer 
be  correct  in  the  belief  that  the  Oalciferous  comes  clear  to  the 
edge  of  Rand  hill,  the  entire  Potsdam  being  faulted  out,  then  the 
throw  of  the  fault  there  is  as  great,  or  greater  than  at  Chazy  vil- 
lage, where  it  is  about  2000   feet. 

Another  considerable  fault  occurs  between  the  Calciferous  at 
West  Chazy  and  the  Chazy  limestone  to  the  northward,  the  latter 
dipping  directly  toward  the  fault.  The  throw  of  this  fault  can 
not  be  determined  owing  to  the  uncertainty  as  to  the  precise 
horizon  in  the  Calciferous  of  the  West  Chazy  exposures. 

Other  faults  or  probable  faults  are  (a)  one  in  the  extreme  north 
that  limits  the  passage  beds  on  the  west,  which  have  a  low  north- 
westerly dip,  yet  suddenly  disappear  and  are  replaced  by  Potsdam 
to  the  westward;  (b)  a  fault  of  unknown  throw  in  the  Potsdam  at 
Jericho,  with  the  red,  basal  beds  on  the  east  side  and  a  coarse, 
glassy  sandstone  on  the  west,  the  one  horizontal  and  the  other 
with  a  6°  dip  to  the  west;  and  (c)  a  more  doubtful  fault  across 
Rand  hill,  separating  the  Potsdam  and  Dannemora  gneiss  on  the 
west  from  the  gabbro  on  the  east. 

In  addition  to  these  greater  faults  there  are  a  multitude  of 
minor  breaks  in  the  pre-Cambrian  rocks  at  least,  best  shown  by 
the  aid  of  the  later  dikes.  These  are  frequently  found  faulted  a 
few  inches  or  feet,  little  enough  to  make  the  identity  of  the 
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dike  unmistakable,  and  frequently  enough  to  emphasize  the  great 
number  of  these  small  slips  that  must  exist.  The  sliekensided 
character  of  many  of  the  joint  planes  is  evidence  of  slipping  along 
them. 

The  faults  run  in  all  kinds  of  directions.  The  greatest  breaks 
have  a  general  north  and  south  trend,  though  they  may  depart 
from  this  as  much  as  45°.  Instead  of  being  persistent  in  direc- 
tion, they  curve  largely.  The  downthrow  is  always  on  the  east 
side,  with  the  result  that  progressively  younger  rocks  appear  as 
Lake  Champlain  is  approached.  The  general  rude  parallelism  of 
these  faults  cuts  up  the  region  into  a  series  of  long  slices.  These 
are  cross-faulted,  sometimes  repeatedly  as  in  the  case  of  the  block 
on  the  east  of  the  Tracy  brook  fault,  but  usually  much  less  fre- 
quently. The  cross  faults  have  a  general  east  and  west  trend, 
but  depart  widely  from  that,  and  may  or  may  not  be  normal  to 
the  main  faults.  No  case  has  been  met  with  where  one  crosses  a 
main  fault.  They  are  necessarily  of  less  magnitude  though  often 
with  throws  of  many  hundred  feet. 

The  majority  of  the  faults  of  the  region  are  certainly  normal 
{gravity)  faults,  and  this  is  likely  the  case  with  all.  The  rocks 
lie  in  exceedingly  gentle  folds,  and  thrust  faults,  if  present,  must 
hade  to  the  west,  as  all  the  great  faults  downthrow  to  the  east. 
Across  the  lake  the  rocks  are  more  sharply  folded,  and  there 
thrust  faults  occur,  but  with  a  hade  to  the  east. 

Joints.  All  the  rocks  of  the  region  are  cut  by  joints  and  gener- 
ally by  several  sets.  Unfortunately  observations  on  them  do  not 
finfflce  definitely  to  determine  their  character;  observations  on 
the  strike  are  plentiful,  but  the  dips  can  seldom  be  made  out. 

The  most  common  direction  of  joints  is  a  nearly  north  and  south 
one  varying  between  n  20°  w  and  n.  In  nearly  every  case  in 
which  thJese  are  observed  joints  at  right  angles  can  also  be  made 
out,  from  n  70°  e  to  e.  In  the  majority  of  exposures  these  seem 
to  represent  the  master  joints.  But  northeast  and  northwest 
Joints  are  nearly  as  common  and  in  many  exposures  seem  more 
prominent  than  the  other  set.  There  are  evidently  two  sets  of 
main  jcjats,  each  consisting  of  a  pair  at  right  angles  to  each  other. 
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and  the  two  sets  cutting  one  another  at  45°.  It  is  to  be  noted 
that  while  the  north  and  east  joints  of  the  first  pair  are  at  45° 
to  the  strike  of  the  foliation  planes,  the  northeast  joints  of  the 
second  set  are  parallel  to  and  the  northwest  at  right  angles  to 
these  planes.  Whereas  therefore  this  latter  pair  of  joints  might 
have  been  produced  by  forces  acting  in  the  same  direction  as 
those  which  caused  the  foliation,  the  first  pair  could  not  have  been 
so  produced.  It  should  also  be  noted  that  the  first  pair  are  more 
prominent  in  the  Paleozoic  rocks  than  are  the  second,  while  they 
are  about  equally  developed  in  the  pre-Cambrian  rocks. 

Many  joints  have  been  noted  which  can  not  be  brought  into 
either  of  these  sets,  but  they  are  of  much  less  importance  and 
their  significance  is  not  clear.  The  numerous  tension  joints  of 
the  later  dikes,  which  are  manifestly  due  to  contraction  on  cool- 
ing, are  not  here  had  in  mind. 

Wherever  observations  on  the  dip  of  the  n  20°  w  and  n  70°  e 
pair  of  joints  have  been  possible,  they  have  been  found  to  be  ver- 
tical or  very  steeply  inclined.  But  the  northeast  joints,  those  strik- 
ing with  the  foliation  planes,  have  been  several  times  noted  with 
dips  of  from  45°.  to  60°  to  both  the  southeast  and  the  northwest, 
indicating  that  they  are  compression  joints,  and  that  the  pressure 
came  from  the  same  direction  as  the  earlier  pressure  which  pro- 
duced the  foliation.  In  general  these  joint  planes  do  not  coincide 
with  the  foliation  planes  but  are  somewhat  more  steeply  inclined. 
Observations  on  the  dip  of  the  northwest  joints  are  practically 
lacking,  though  they  seem  to  belong  with  the  previous  set  and  to 
have  been  produced  at  the  same  time.  The  vertical  north  and 
east  joints  are  perhaps  tension  joints. 

As  the  compression  joints  are  lacking  in  the  Paleozoic  rocks, 
they  must  antedate  the  Potsdam.  The  prevailing  east  and  west 
trend  of  the  diabase  and  syenite  dikes  argues  for  an  existing  set 
of  fissures  with  that  trend  at  that  time.  The  Palezoic  rocks  are 
also  jointed,  mainly  by  the  north  and  east  set.  At  least  three, 
and  probably  several  periods  of  joint  formation  are  thus  indicated. 

Many  of  the  joints  are  slickensided,  indicating  that  slight  slips 
have  taken  place  along  them,  and  not  improbably  a  considerable 
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pvt  of  the  readjustments  of  the  region  have  been  effected  in  this- 
way,  since  many  slight  slips  may  involve  as  great  an  amount  of 
Bbift  B»  that  concentrated  along  a  single  great  fault. 

Pleistocene  deposits 

The  retreating  and  disappearing  ice  sheet  of  the  glacial  period' 
dropped  its  burden  at  transported  rock  material  very  unequally; 
much  at  points  which  mark  pauses  in  the  retreat;  far  less  over 
places  away  from  which  the  retreat  was  rapid;  much  also  in  the 
depressions  of  the  preglacial  surface,  filling  them  often  to  the 
brim.  In  the  district  immediately  under  consideration  glacial 
deposit,  morainie  and  of  till,  is  widespread  but  of  very  unequal 
thickness  and  with  much  bare  rock  showing.  In  places  are  very 
considerable  morainic  accumulations.  The  old  preglacial  valleys 
cut  in  the  high  plain  level  are  refilled  to  that  level,  while  the  old 
hill  tops  and  divides  are  but  scantly  covered. 

Horaines.  Much  the  most  considerable  line  of  morainic  de- 
posit is  that  banked  up  against  the  southeast  face  of  Rand  hill, 
climbing  up  and  overtopping  it  to  the  south  and  swinging  to  the 
west  up  the  north  side  of  the  Saranac  valley,  deeply  covering  all 
rock  over  a  great  area,  and  not  improbably  hiding  the  preglacial 
Saranac  valley  as  well.  The  moraine  is  quite  sandy,  as  is  tru67)f  "-*- 
all  moraines  hereabouts,  in  consequence  of  the  large  content  of 
material  derived  from  the  Potsdam  sandstone.  It  is  also  very 
stony,  and  again  material  of  Potsdam  source  is  much  the  most 
conspicuous  element.  Locally  the  surface  is  exceedingly  stony, 
Potsdam  boulders  by  the  hundred  lying  about  together  with 
crystalline  rocks  from  Rand  hill  and  rare  Calciferous  and 
Canadian  pre-Cambrian  blocks.  This  is  undoubtedly  the  moraiiu^ 
mentioned  by  Baldwin  in  his  paper  on  the  Pleistocene  of  the 
Ohamplain  valley.^  This  moraine,  which  covers  all  the  south 
face  of  Band  hill  and  the  low  hills  westward,  as  well  as  the  south 
dopes  of  Dannemora  mountain,  so  that  all  rock  is  hid  and  the 
pre-Gambrlan-Potsdam  contact  efficiently  concealed,  would  seem 
an  unmistakable  terminal  moraine. 

^Ateericui  geolpgist    1894.    13:894. 
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The  east  and  west  road  in  Beekmantown  just  at  the  soutli 
limits  of  the  map  passes  over  a  series  of  ridges  at  progressively 
higher  and  higher  levels,  which  somewhat  resemble  beaches  in 
shape  but  do  not  seem  to  be  such,  as  they  consist  in  large  part 
of  rather  coarse  and  not  well  water-worn  material.  It  is  prob- 
ably to  these  that  Prof.  G.  F.  Wright  alludes  in  a  short  paper, 
and  these  that  he  calls  lateral  moraines.^  The  writer  ha.s  not 
given  them  sufficiently  critical  study  to  speak  positively  of  their 
nature,  but  is  disposed  to  agree  that  they  are  due  to  lateral 
streams  along  the  edge  of  an  ice  tongue  which  lingered  in  the 
Champlain  valley  after  the  ice  had  disappeared  from  the  hills. 
Deposits  of  apparently  similar  origin  run  north  along  much  of 
Rand  hill  between  the  600  and  800  foot  levels.  A  single  knob  at 
the  700  foot  level  appears  like  an  elongated  drumlin,  as  suggested 
by  Prof.  Wright.  Its  surface  is  profusely  covered  with  boulders 
and  it  is  apparently  of  till,  no  exposures  occurring.  A  little  over 
a  mile  north  of  this  drumloid  hill  is  another  knob  of  till  or 
moraine  at  precisely  the  same  level,  and  a  mile  and  a  half  farther 
north,  in  Altona,  is  yet  another  of  still  more  elongated  shape. 
A  satisfactory  explanation  of  these  three  outlying  knobs  with 
identical  summit  levels  has  not  presented  itself. 

In  the  northern  half  of  Mooers  the  drift  is  very  heavy  and  is 
morainic,  though  no  bulky  and  conspicuous  terminal  moraine  ap- 
pears, and  in  general  the  moraine  covering  over  the  till  is  not 
thick,  so  far  as  can  be  judged  by  the  few  stream  sections.  The 
irregular,  hummocky  topography  and  numerous  marshes  are 
characteristically  morainic.  Yet  occasional  rock  outcrops  show 
in  this  belt,  and  the  streams  not  infrequently  show  ledges  in  their 
beds.  There  is  no  indication  that  the  ice  made  more  than  a  very 
brief  pause  along  this  line. 

Another  similar  east  and  west  belt,  with  a  breadlji  of  some 
2  miles,  crosses  southern  Altona.  Heavy  boulder  trains,  mainly 
of  Potsdam  sandstone,  are  frequent  on  the  surface.  Like  the 
previous  belt,  this  does  not  mark  a  protracted  pause  in  the  gen- 
eral ice  retreat. 

^American  geologist.     1S98.     22:333-34. 


BBPOBT  OF  THB  DIBBOTOB  AND  STATB  OSOLOGIST  xT? 

Glacial  striae.  Over  a  large  part  of  the  area  of  the  sheet  the 
striations  on  the  rocks  show  that  the  ice  which  produced  them 
was  moving  in  a  southerly  direction.  This  is  not  the  usual  di- 
rection in  the  Adirondack  region,  and  these  markings  were  evi- 
dently produced  by  ice  whose  direction  of  movement  was  con- 
trolled by  the  meridional  depression  of  the  Champlain  valley. 
On  Band  hill  the  direction  was  midway  between  this  and  the 
usual  southwesterly  direction  which  prevails  throughout  the 
northern  Adirondacks,  the  readings  varying  between  s  5°  w  and 
s  30°  w. 

Water  levels.  Signs  of  the  action  of  standing  water  are  numer- 
ous in  the  Tegion,  but  the  writer  has  been  unable  to  give  them 
the  attention  they  deserve  and  can  speak  of  them  only  in  pre- 
liminary fashion.  Fragmentary  beaches  and  terraces  are  found 
at  the  360  and  440  foot  levels,  less  well  marked  at  280  feet  and 
somewhat  doubtfully  at  540  feet.  The  two  best  defined  levels 
are  marked  by  fragmentary  beach  ridges,  behind  which  are  often 
long  narrow  marshy  strips,  and  by  sand  delta  levels  in  the  Little 
Chazy  river.  North  of  West  Chazy  what  resemble  cliffs  and 
wave-cut  terraces  appear  at  these  levels,  but  some  hesitation  is 
felt  in  ascribing  this  origin  to  them,  since  they  are  found  at  other 
levels  also,  and  the  rocks  are  so  resistant  that  the  length  of  time 
required  for  the  work  would  seem  out  of  all  proportion  to  the 
length  of  time  during  which  the  water  stood  at  these  levels,  as 
indicated  by  the  strength  of  the  beaches  and  delta  terraces. 
Wave  action  was  probably  effective  in  sweeping  away  all  fine 
material  from  the  benches,  but  that  they  were  cut  by  the  waves 
is  not  thought  probable.    The  cliffs  may  be  fault  scarps. 

Baldwin  reports  marine  shells  from  Plattsburg  township  at 
346  feet,  and  there  can  be  no  question  that  the  water  level  at  440 
feet  represents  marine  submergence  to  that  depth.  But  signs  of 
wave  action  «between  500  and  540  feet  were  noted  in  several  places, 
and  it  should  be  added  that  one  of  the  great  sand  terrace  levels 
in  the  Saranac  valley  has  the  same  altitude.  On  the  turnpike  at 
West  Beekmantown  and  southward  is  much  sand  at  520  to  540 
feet  with  strong  resemblance  to  a  beach.    There  is  a  sand  ter- 
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race  level  along  the  river  west  of  West  Chazy  at  the  same  eleva- 
tion. In  eastern  Altona  at  the  same  level  rather  gravelly  ridges 
are  found  at  two  or  three  points  which  resemble  beaches.  On 
the  road  west  from  Sciota  to  Altona  village,  similar  ridges  appear 
at  480,  540  and  580  feet,  built  up  on  the  sandstone  ledges  of  the 
Flat  rocks,  all  beach-shaped  but  with  much  coarse  and  not  well 
rounded  material.  At  500  feet  is  an  interesting  little  gravel  bar, 
like  a  spit,  now  cut  through  by  a  small  stream.  These  Altona 
ridges  have  considerable  resemblance  to  those  in  Beekmantown 
already  described  and  may  perhaps  also  be  referable  to  lateral 
stream  atction  along  a  Champlain  valley  ice  tongue,  but  their  per- 
sistence at  about  the  same  level,  and  the  correspondence  of  this 
with  the  delta  level  in  the  Saranac  valley,  seem  to  indicate 
strongly  static  water  action.  It  need  not  necessarily  mark  a 
marine  level,  as  there  are  fresh-water  levels  above  the  marine 
^•hore  lines  in  the  region,  but,  on  the  other  hand,  the  higbt  reached 
by  the  marine  levels  on  Mt  Roval  at  Montreal  would  seem  to 
imply  a  marine  level  along  Lake  Champlain  at  least  as  high  as 
this. 

These  shore  lines  in  the  Champlain  valley  rise  in  level  when  fol- 
lowed northward,  showing  that  they  have  been  tipped  since  they 
were  formed,  but,  till  thev  shall  have  been  more  carefullv  fol- 
lowed  and  identified  along  the  full  Jength  of  the  valley,  uncer- 
tainty must  prevail  in  respect  to  the  amount  of  canting. 

The  Flat  rocks 

The  Flat  rock  district  in  Altona  is  a  most  impressive  region. 
The  naked  ledges  of  horizontal  sandstone,  rising  slowly  in  a  series 
of  gigantic  steps  with  wide  tread  and  low  rise,  are  extremely 
striking.  That  the  ice  could  have  melted  away  from  the  region 
so  rapidly  as  to  leave  no  deposit  here  is  not  to  be  thought  of. 
Deposit  evidently  was  left  and  has  since  been  removed.  Some 
tour  years  ago  G.  K.  Gilbert,  who  had  recently  returned  from  a 
short  visit  to  the  region,  suggested  in  conversation  that  here  was 
the  route  of  a  spillway.  As  the  ice  retreated  away  from  the 
northern  foothills  of  the  Adirondack  region,  the  waters  of  the 
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glacial  lake  Iroquois,  which  occupied  the  Ontario  basin  and  had 
itB  outlet  at  Rome  into  the  Mohawk  valley,  because  the  St  Law- 
rence outlet  was  still  blocked  by  the  ice^  would  have  commenced 
to  discharge  around  on  the  north  along  the  edge  of  the  ice  as  soon 
as  it  had  sufficiently  retreated  to  uncover  lower  ground  than  that 
.  at  Eome.    By  a  spillway  such  an  outlet  is  meant.    As  the  ice 

-  farther  retreated  down  the  slope,  the  stream  would  fall  to  succes- 
'-  dvely  lower  levels,  bringing  down  the  level  of  Lake  Iroquois  cor- 

-  respondingly.  Such  a  current  as  this  would  have  been  would  fur- 
[  nish  an  adequate  explanation  of  the  naked  rock  surface  of  the 
[  Plat  rocks.  The  writer's  obeervations  have  not  been  sufficiently 
f  extensive  along  the  north  side  of  the  Adirondacks  to  enable  him 
'•  either  to  affirm  or  to  deny  the  correctness  of  this  view,  and,  as  the 
.  results  of  Mr.  Gilbert's  observations  have  not  been  published,  it 

is  not  known  on  what  data  the  identification  of  this  spillway 
rests.  But  such  results  would  naturally  have  followed  the  change 
in  outflow  of  Lake  Iroquois  from  the  Mohawk  to  the  St  Lawrence 
valley,  and  spillways  would  likely  have  existed  at  several  levels 
as  the  waters  fell.  Various  lake  levels  should  also  have  existed 
for  at  least  a  brief  time  along  the  northern  Adirondack  slopes, 
;  and  may  well  have  left  discoverable  traces,  which  should  have 
definite  connection  with  such  spillways  as  may  exist.  The  region 
is  a  difficult  one,  but  a  great  opportunity  awaits  the  individual 
who  can  take  the  time  to  cover  the  region  thoroughly,  unham- 
pered by  other  and  more  pressing  work.  The  new  maps  will  be 
«  great  aid  when  completed. 

The  larger  part  of  the  bared  surface  in  the  Flat  rock  district 
lies  between  600  and  800  feet  elevation.  Over  large  areas  the 
«arfaoe  is  absolutely  naked  except  for  an  occasional  large  boul- 
•der.  This  ftltitude  is  so  much  below  the  level  of  the  Iroquois 
beach,  if  extended  to  this  point,  that,  if  it  be  the  path  of  a  spill- 
way, it  should  be  from  a  water  level  considerably  lower  than  the 
main  Iroquois  plane,  and  it  would  seem  as  if  marks  of  standing 
water  at  this  lower  level  should  be  found  when  search  is  made. 
Jnit  below  the  eastern  edge  of  the  bared  rock  area  in  eastern 
Altona  ta  an  exceedingly  interesting  ridge  of  coarse  cobbles  which 
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commences  near  the  Little  Chazy  river  at  the  640  foot  level  and 
runs  to  the  north  for  some  distance  along  the  base  of  Pine  ridge. 
The  ridge  was  followed  for  over  a  mile,  and  that  seems  but  a  small 
part  of  its  length.  The  boulders  are  all  fairly  w^ell  rounded. 
No  material  of  less  size  than  an  inch  in  diameter  is  found,  and  the 
range  in  size  is  from  that  up  to  from  9  to  12  inches.  Only  an 
exceptionally  strong  current  could  have  moved  material  of  this 
size  and  carried  away  everything  smaller.  As  the  belt  is  followed 
northward,  it  broadens  somewhat,  suggesting  that  there  may 
have  been  some  creep  down  the  hillside.  For  the  mile  that  it 
was  followed  the  belt  appears  to  be  horizontal  instead  of  lying 
on  a  grade,  a  fact  also  noted  by  Mr  Gilbert  and  mentioned  in  con- 
versation. It  was  at  first  thought  that  this  cobble  belt  furnished 
strong  corroborative  evidence  of  a  spillway  channel,  its  present 
position  marking  the  ice  edge  down  against  which  the  material 
was  washed_,  since,  had  the  ice  not  been  there,  it  should  have  been 
washed  farther  down  the  slope  on  which  it  lies.  But  it  is  hard 
to  explain  the  unchanging  altitude  on  this  view^  since  a  suffi- 
ciently strong  current  to  account  for  the  phenomena  would  seem 
to  require  considerable  grade.  However,  the  altitude  has  not 
been  carefully  leveled;  so  there  may  be  sufficient  fall  to  have 
given  a  stream  of  large  volume  in  a  restricted  channel  the  requi- 
site velocity.     Ko  alternative  explanation  has  occurred  to  the 

writer. 

Economic  geology 

There  is  little  of  economic  importance  within  the  area  of  the 
Mooers  sheet.  There  may  be  deposits  of  magnetic  iron  ore  in  the 
extreme  southwest,  but  no  disturbance  of  the  compass  has  been 
noted,  and  it  is  exceedingly  improbable  that  there  are  any  of 
large  size  or  economic  importance. 

The  Calciferous  and  lower  Chazy  limestones  about  West  Chazy 
do  not  produce  a  quality  of  lime  that  will  compare  with  that  ob- 
tained from  the  Black  river  and  middle  Chazy  limestones  along 
the  lake,  and  have  no  importance  in  view  of  the  nearness  of  the 
latter.    Much  of  the  Calciferous  will  furnish  an  excellent  road 
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metal,  when  thf  demand  for  better  roads  shall  arise,  but  within 
the  eheet  limits  it  is  mostly  under  deep  cover. 

There  is  a  vast  amount  of  good  building  stone  in  the  diatrict, 
most  of  which  is  unfortunately  situated  as  regards  access  to 
market.  Both  Ihe  pre-Cambrian  rocks  and  the  Potsdam  sand- 
stone will  furnish  good  elone. 

There  is  an  old  quarry  in  the  Potsdam  on  Raud  hill  hj  Band- 
buru  brook  in  a  red,  massive  sandstone  belonging  in  Ihe  basal 
part  of  the  formation.  The  stone  is  quite  like  that  qnarried  at 
Potsdam  in  charaoter,  thongh  of  a  deeper  red  shade,  and  seeme 
of  an  excellent  quality.  Bnt,  as  shown  in  ihe  quarry  face,  there 
is  only  a  thickness  of  5  feet  of  pood  stone,  and  Ihe  lateral  extent 
is  problematic,  as  the  pre-Oambrian  rocks  appearwilhin  less  than 
a  quarter  mile  on  either  side.  The-qnarry  has  not  l>een  worked 
for  years,  and  had  only  a  local  use,  but  furnishes  the  best  appear- 
ing stone  that  the  writer  has  noted  in  the  district.  Bnt  much  of 
the  ordinary,  light  colored  stone  in  Altona,  Mofhers  and  Chazy 
would  furnish  an  excellent  building  stonp,  with  a  niiiiimnm  of 
labor  in  quarrying,  as  there  is  no  stripping  to  be  done.  It  is  not, 
probably,  of  «uch  extra  fine  quality,  all  things  considered,  as  to 
create  a  widespread  demand,  bnt  is  more  Ihan  ample  to  satisfy 
all  local  requirements. 

Of  the  pre-Cambrian  rocks  the  anorthosife-gabbro  seems  of 
Ihe  most  value.  Much  of  it  wonld  make  an  excellent  paving 
stone.  Well  granulated,  anorthositic  rooks  are  exceedingly  tongh, 
and  a  rock  very  similar  to  that  on  Rand  hill  is  used  for  paving 
in  the  city  of  Montreal  and  gives  good  satisfaction. 

Fair  to  good  building  stone  is  furnished  by  the  Dannemora 
formation,  the  anorthosite-gabbro  and  the  syenite.  The  new  state 
bnilding  at  Dannemora  is  constructed  of  a  dark  red,  gi-anitoid 
gneiss  of  the  Dannemora  forraalion,  obtained  close  at  hand  on  the 
soulh  slope  of  Dannemora  mountain,  the  stone  being  strong  and 
durable  when  carefully  selected,  and  of  quite  pleasing  appear- 
ance. 

Recently  W.  M.  Carncs  of  West  Chany  has  commenced  quarry 
operatums  on  Hand  hill,  in  both  tlie  anortbosite-gabbro  and  the 
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syenite.  The  former  stone  is  quite  like  that  quarried  at  Keese- 
ville  and  called  erroneously  "  Keeseville  granite  ",  the  rock  being 
a  gabbro  and  very  siiniilar  to  the  Rand  hill  rock.  It  is  a  verj 
handsome,  strong  stone,  takes  a  beautiful  polish  and  would  seem 
to  be  well  adapted  for  structural  and  ornamental  purposes.  It 
would  certainly  seem  as  good  ae  the  Keeseville  rock  but  has  not 
been  sufficiently  investigated  to  enable  any  precise  statements 
of  its  value  to  be  made.  The  numerous  diabase  dikes  are  some- 
thing of  an  impediment  to  quarrying  operations,  specially  as  the 
adjacent  gabbro  is  apt  to  be  excessively  jointed  and  useless. 

The  augite-syenite  furnishes  a  greenish  black,  fine  grained  rock 
which  is  also  strong  and  takes  a  fine  polish.  The  change  in  color 
which  this  rock  experiences  on  exposure  may  prove  harmful. 
This  change  takes  place  rather  rapidly^  though  it  varies  in  differ- 
ent parts  of  the  rock  and  may  be  a  matter  of  a  considerable  num- 
ber of  years  in  this  case.  There  is  however  but  little  of  this  rock 
on  the  hill,  as  has  been  previously  noted.  It  should  also  make 
a  good  paving  stone,  as  well  as  a  valuable  road  metal.  For  this 
latter  purpose  the  gabbro  will  also  serve  excellently,  and  much 
of  the  Dannemora  gneiss  as  well,  though  in  using  the  latter  care 
must  be  taken  not  to  use  material  of  varying  hardness  on  the 
same  piece  of  road.  i 
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aEOLOGY   OF   THE   CRYSTALLINE   ROCKS   IN   THE 

VICINITY  OP  THE  ST  LAWRENCE  RIVER 
In  earlier  reports  and  papers  the  writer  has  presented  ibe  re- 
salts  of  a  geaeral  reootmaisaance  of  tbe  western  Adirondack 
regioh,  inelnding  ander  this  deaignation  the  relatively  low  lands 
of  central  and  western  St  Lawrence  county  and  eastern  Lewis 
and  Jefferson  countSes,  *hich,  though  topograpMcally  quite 
different  from  the  Adu'ondacli  region  proper,  can  not  he  differ-  - 
eotiated  from  it  geologically. 

The  present  report  deals  in  a  similar  manner  with  the  small 
area  of  crystalline  rocks  along  the  St  Lawrence  river,  which,  on 
existing  maps,  is  cut  off  from  the  main  body  to  the  southeast  by 
a  narrow  strip  of  Potsdam  eandstone.  The  rocks  in  question 
aze,  of  conrse,  beneath  the  aandstone,  continuous  with  the  main 
body,  and  must  be  treated  as  such  rather  than  as  anything  dis- 
tinct. 

The  region  studied  embraces  the  whole  of  the  town  of  Alexan- 
dria and  parts  of  Clayton  and  Theresa  in  JefTerson  county,  to- 
gether with  pcHiions  of  Roesie  and  Hammond  in  ^  Lawrence 
county.  Within  this  area  are  included  the  Thousand  islands  of 
the  St  Lawrence  river. 

As  mj^t  "be  expected,  the  rocks  of  this  region  fall  in  with  the 
^rpes  deM»ibed  in  former  reports,  though  there  are  some  inter- 
esting variations,  and  a  number  of  exposures  giving  data  of  an 
.'  onQSoally  positive  nature. 

"For  the  purpoee  of  mapping,  the  rocks  were  divided  into  four* 
formationi^  whose  character,  origin,  and  interrelations  form  the 
th^oe  <of  this  communication.  The  topography  is  so  closely  de- 
ft pendent  on  the  nature  of  the  rocks,  that  it  is  best  treated,  how- 
■«ver  briefly,  after  the  rocks  have  been  described.  The  rock 
■iclasaificatioii  in  tentative  in  many  respects,  and  the  interpreta- 
■  tion  of  the  mapping  involves  a  consideration  of  the  conditions 
wrhich  require,  for  the  present,  such  a  tentative  method. 
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As  shown  on  the  map,  the  four  rock  types  are  crystalline  lime- 
stone with  schists,  gneiss,  granite,  and  Potsdam  sandstone.^ 

The  term,  schists,  is  here  used  to  include  a  variety  of  rocks, 
such  as  quartzite,  hornblende  and  mica  schists,  hornblende, 
pyroxene  and  mica-gneisses,  etc.  These  rocks  may  occur  singly, 
but  most  frequently  are  intimately  associated  with  one  another 
and  with  the  crystalline  limestones  in  long  belts.  While  in  the 
belts  farther  south  the  crystalline  limestone  is  more  abundant 
than  the  schiets,  the  reverse  is  true  in  the  region  here  treated. 

These  belts  are  characterized  by  their  heterogeneity  and  in 
particular  by  rapid  changes  in  the  nature  of  the  rocks  across  the 
strike.  The  whole  aspect  of  such  a  belt  is  that  of  a  highly 
metamorphosed  series  of  sedimentary  rocks,  and  as  such  its  rocks 
are  classed  with  the  utmost  confidence.  The  quartzites  and 
marbles  represent  originally  pure  sandstones  and  limestones^ 
while  most  of  the  schists  and  gneisses  are  the  metamorphosed 
shales,  impure  sandstones  and  limestones,  etc.  However,  it  is 
probable  that  some  of  the  schists  are  altered  igneous  rocks, 
(perhaps,  in  part,  contemporaneous  volcanics)  which  are  inter- 
mingled with  the  sediments  and  so  thoroughly  metamorphosed 
that  their  original  character  is  entirely  obliterated.  Such  rocks, 
if  present,  must  be  treated  as  part  of  the  sedimentary  series, 
and  as  yet  no  effort  has  been  made  to  determine  their  existence. 

Scattered  areas  of  unchanged  intrusive  rocks  are  known  to 
occur  within  the  schists  at  many  points,  but,  as  a  rule,  are  too 
limited  in  extent  to  appear  on  a  map  of  small  scale. 

The  gneiss  of  the  area  under  consideration  is-  fairly  uniform  in 
character,  though,  as  shown  below^  not  all  of  the  same  age.  In 
general  it  is  of  medium  grain,  and  pink,  red,  or  gray  in  color. 
In  texture  it  ranges  from  strongly  foliated  to  entirely  massive, 
in  the  latter  case  becoming  essentially  a  granite. 

The  foliated  and  massive  varieties  shade  into  each  other,  and 
in  most  cases  are  clearly  different  phases  lof  one  and  the  same 

^Diabase  dikes  identical  in  character  with  tliose  of  the  Admiralty 
islands  previously  described  by  the  writer  (N.  Y.  acad.  sei.  Trans.  33: 
209-14)  are  abundant  on  Grindstone  Island,  and  occasionally  are  seen  else- 
where.   Small  intrusions  of  hyperite,  also,  are  sometimes  encountered. 


rock.     In  consequfiico,  foliation  ia  uo  ciitei'ioo  for  the  eorrela- 
tiou  of  different  areas  of  gneisBes. 

As  a  matter  of  fact,  there  is  abundant  evidence  that  the  gneisa 
formation  is  not  a  unit,  but  rather  a  complex,  bo  far  as  age  ia 
Y  concerned;  while  the  different  parts  have  so  much  in  common  aa 
regards  origin  and  history  that  their  separation  is  practically 
impossible.  Thus  the  gneiss  is  treated  as  a  unit  in  mapping, 
though  its  complex  character  is  fully  recognized.  However,  such 
treatment  seems  justifiable  on  theoretic  as  well  as  practical 
ground,  since  it  is  probable,  first,  that  the  differences  of  ages 
among  the  gneisses  are  relatively  slight,  and  second,  that  the 
POcks  had  a  common  source.  These  poiuts  have  been  treated  in 
previous  reports  at  such  length  that  farther  reference  to  them 
Lgiuay  be  omitted  for  the  present. 

M  As  elsewhere  in  tins  part  of  the  state,  the  gneisses  are  the  most 
^  widespread  of  the  pre-Cambrian  rocks,  occurring  in  large  irregu- ' 
lar  areas  around  the  belts  of  schists  and  limestones,  and  also  in 
minor  amount  within  the  latter.  It  is  often  ditticult  to  draw  a 
definite  line  of  demarcation  between  the  two  formations,  since, 
in  some  cases,  the  schists  api>tioach  very  closely  to  the  gneisses 
in  compoeition  and  texture. 

As  these  two  formations,  t(^«ther  with  the  granite,  were  the 
chief  object  of  field  study,  their  distribution  and  relations  are 
best  considered  before  passing  on  to  the  Potsdam. 

Iteginning  at  the  northwestern  limit  of  Ihe  region  studied, 
which  corresponds  with  the  international  boundai-y  line,  Wells^ 
and  Grindstone  islands  afford  an  epitome  of  the  geology,  as  all 
the  formations  encountered  are  shown  on  them. 

The  northeast  half  of  Wells  island  consists  chiefly  of  the  schist 
formation,  of  which  two  members  appear.  On  the  east  is  a  very 
gneissoid  member,  so  difficult  to  distiuguish  from  the  true  granite 
[Ueifis  that  their  distribution  as  shown  on  the  map  must  be  re- 
pLrded  as  quite  conjectural. 
On  the  west  aide  of  the  island,  beginning  at  Westminster  Park, 
1  high  ridge  of  while  vitreous  quiu-tzite  with  jujst  enough  feld- 

'  "Or  Wellesley. 
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spar,  or  mica,  or  both,  to  give  it  foliation.  Though  broken  at 
intervals,  this  ridge  is  quite  persistent  for  four  or  five  miles,  when 
it  disappears,  being,  like  the  gneissoid  schist  to  the  southward,  cut 
out  by  the  great  mass  of  granite-gneiss  that  makes  up  the  south- 
ern end  of  the  island. 

With  a  single  exception  to  be  mentioned  below,  the  writer  has 
seen  nowhere  else  in  the  crystalline  area  a  body  of  quartzite  so 
large  and  so  pure  as  this,  and  it  is  of  particular  interest  as  afford- 
ing an  unquestionable  example  of  a  pre-Cambrian  rock  of  sedi- 
mentary origin.  In  the  highly  metamorphic  series,  estimates  <if 
thickness  must  always  be  quite  hypothetical,  but  in  this  in-: 
stance,  500  feet  would  seem  to  be  a  very  conservative  estimate 
of  the  thickness  of  the  quartzite.  The  strike  of  the  belt  and  of 
its  foliation  is  n  45°  e  and  the  foliation  dip  80°  n. 

Though  these  members  of  the  schist  formation  make  up  the 
great  part. of  this  end  of  the  island,  the  granite  gneiss  is  not  want- 
ing, but  appears  in  scattered  areas  of  limited  extent.  There  is 
abundant  evidence  that  these  masses  of  gneiss  are  younger  than, 
and  intrusive  in,  the  schist.  Masses  of  gneiss  of  considerable  size 
break  through  the  schist  and  quartzite  in  the  most  irregular 
fashion,  while  the  latter  rocks  are  penetrated  by  granitic  dikes 
which  range  from  fractions  of  an  inch  to  yards  in  width.  These 
dikes  are  usually,  though  not  always,  more  massive  than  the  bulk 
of  the  gneiss,  and  often  coarser  gi*ained,  even  pegmatitic,  but  that 
they  are  offshoots  of  the  gneiss  is  evident.  The  same  structural 
differences  have  been  noted  in  similar  instances  described  pre- 
viously.^ 

Farther  and  even  more  striking  evidence  of  the  relation  of  the 
two  formations  is  afforded  by  great  quantities  of  inclusions  of 
schist  and  quartzite  in  the  gneiss.  These  vary  greatly  in  size  and 
shape,  tliougli,  particularly  in  the  case  of  the  well  foliated  and 
banded  schists,  they  are  apt  to  be  elongated  in  the  direction  of 
foliation.  In  some  cases,  indeed,  they  appear  as  dark  bands  in 
the  gneiss,  looking  at  first  sight  like  broken  dikes.     Occasionally 

^Crystalline  rocks  of  St  Lawrence  county,  IGth  an.  rep't  N.  Y.  state 
geologist.     1895.     p.  491. 
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inclnsions  of  schist  seem  to  have  been  slightly  blended  with  the 
gneiss  by  melting,  but  as  a  rule  the  boundaries  are  sharp,  and 
are  always  so  in  the  ease  of  quartzite.  The  latter  rock,  being 
more  massive,  is  less  apt  to  furnish  elongated  inclusions.  As 
in  other  parts  of  the  region,  the  elongated  inclusions  nearly 
always  are  placed  with  their  long  diameter,  parallel  to  the 
foliation  of  the  gneiss. 

These  phenomena  of  dikes  and  inclusions  are  of  the  greatest 
moment,  since  they  afford  the  chief  criteria  for  establishing  the 
Origin  and  age  of  the  gneisses.  This  is  particularly  true  of  ihe 
inclnsions,  since  the  heart  of  the  Adirondack  region  consists 
almost  wholly  of  gneisses,  the  only  positive  and  direct  evidence 
as  to  whofie  origin,  so  far  as  the  writer  is  aware,  is  afforded  by 
scattered  in<;lasions  analogous  to  those  above  described.  For 
this  reason  these  phenomena  demand  farther  brief  considieration. 

The  localities  described,  and  others  mentioned  below,  are  of 
particular  imi>ortance,  because  the  phenomena  are  presented  with 
sn-ch  diagrammatic  clearness  that  they  admit  of  but  one  explana- 
tion. At  the  same  time,  it  is  evident  that  they  are  strictly  an- 
alogons  to  cases  farther  south,  which,  though  more  obscure,  were 
interpreted  in  the  same  manner,  as  stated  at  some  length  in  the 
report  for  1895. 

As  there  stated,  the  phenomena  described  might  be  regarded 
as  broken  intrusions,  segregations,  or  inclusions,  and  reasons  were 
given  for  concluding  that  they  were  the  latter.  In  the  present 
instance,  though  we  have  to  deal  with  similar  phenomena,  it  is 
possible  to  come  to  but  one  conclusion  in  regard  to  them. 

The  schists  and  quartzitee,  as  seen  in  place,  are  found  to  be 
cnt  and  veined  in  every  direction  by  a  granite-gneiss,  and  frag- 
ments of  schist  and  quartzite,  in  every  way  identical  with  the 
main  mass,  are  scattered-  through  the  granite-gneiss,  and  are  them- 
selvefi  penetrated  by  networks  of  dikes  running  in  from  the 
latter. 

The  comx>osition  and  structure  of  the  fragments  are,  in  them- 
selyes,  enongh  to  show  that  they  are  neither  intrusions  nor 
segr^fKtieiui,  while  it  is  clear  that  they  were  solid  when  the 
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surrounding  gneiss  was  still  fluid,  since  the  latter  penetrated 
them  to  such  a  marked  degree.  Indeed,  this  is  one  of  the  most 
striking  features  of  the  phenomena,  minute  dikes  of  granite, 
sometimes  strongly  puckered,  extending  for  yards  through  the 
schists. 

To  make  this  possible  a  high  degree  of  fluidity  would  seem  to 
be  demanded,  together  with  intense  pressure.  It  is  not  uncom- 
mon to  And  the  schist  a  network  of  these  minute  dikes, 
hundreds  of  feet  from  any  large  exposure  of  granite-gneiss. 
In  such  cases,  of  course,  it  is  quite  possible  that  a  body  of  granite- 
gneiss  may  lie  at  a  small  depth,  or  that  a  sheet  may  have  been 
eroded  from  above. 

As  a  rule,  contact  metamorphi«m  is  nearly  lacking  in  this 
region,  but  some  curious  examples  of  it  are  shown  in  Westmin- 
ster  Park,  also  near  the  highway  f  of  a  mile  west,  and  near  the 
river  bank  just  opposite  Alexandria  Bay.  The  schists  here  range 
from  nearly  white  to  nearly  black,  through  gray  tints.  They 
are  cut  through  and  through  by  reddish  granite  dikes,  the  narrow 
ones  being  massive  and  the  broad  ones  quite  gneissoid.  Along 
the  margins  these  dikes  frequently  show  much  black  tourmalin, 
and  this  is  usually  most  abundant  in  the  very  narrow  ones,  in 
which  the  imperfect  crystals  of  tourmalin  interlock  across  the 
entire  width.  At  the  same  time,  the  schists  along  the  contact 
become  impregnated  with  fine  granular  tourmalin,  producing 
strips  and  irregular  areas  of  a  lustrous  black  rock.  The  remark- 
able feature  about  these  contact  zones  in  the  schist  is  their  ex- 
treme irregularity  in  form  and  extent  and  their  entire  indepen- 
dence of  the  magnitude  of  the  accompanying  dike.     A  dike  of 

granite  a  foot  wide  may  have  no  contact  zone,  while  a  mere  thread 
of  granite,  a  few  feet  distant,  may  be  bounded  on  each  side  by  a 
band  of  the  tourmalin  rock  two  or  three  inches  wide.  Again,  the 
tourmalin,  instead  of  forming  a  continuous  band,  appears  in 
lumps  and  bunches  of  every  conceivable  shape,  irregularly  scat- 
tered along  a  dike,  and  sometime©  extending  several  inches  away, 
at  right  angles  to  the  course  of  the  dike. 
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Preqnently  the  offshoot  which  gives  rise  to  a  tourmalin  mass 
or  band  consists  of  nearly  pure  quartz  instead  of  granite,  and 
every  gradation  between  the  two  may  be  traced.  Evidently,  in 
this  instance,  the  quartz  is  playing  the  role  of  an  intrusive,  being 
the  altra-acid  phase  of  igneous  activity. 

Ah  stated  above,  the  southern  end  of  Wells  island  is  made 
up  *f  gneiss,  but  on  account  of  the  intermingling  of  the  two  for- 
matioug  by  intrnsion,  and  the  gneissic  character  of  much  of  the 
Ischiat,  the  lines  befntcni  them  can  not  be  accurately  drawn. 
,  Along  the  approximate  liues  of  contact,  east  of  Thousand  Island 
t'Park,  there  are  soinc  fmit  instances  of  dikes  and  inclusions. 
I  Neap  the  southwest  turner  of  the  island,  in  the  neighborhood  of 
I'Grandview  Park,  a  veiy  coarse  and  massive  granite-gneiss  ap- 
'peai-s.  The  relation  of  this  roclt  to  the  ordinary  granite-gneiss 
.could  not  l)e  dotiiTniinc-d,  no  data  being  found  to  decide  the  mat- 
ker.  As  the  i-ock  is  the  same  as  the  well-known  granite  of  Grind- 
stone island,  this  point  is  best  considered  in  connection  with  the 
latter. 

Grindstone  island,  though  two  thirds  as  largo  as  Wells,  is  much 
'less  varied  in  its  geologj'.  It  consists  for  the  most  part  of  the 
rcoojwe  hornblende-granite,  with  scattered  masses  of  quartzite  and 
:«i:bl8t,  forming  ridgtif  of  si>me  extent,  and  also  appearing  in  num- 
aterlesa  inclusions  in  the  granite.  As  these  quartzites  and  schists 
are  identical  in  cliaracler  with  those  described  above,  they  de- 
mand no  farther  consideisition. 

.  The  granite  ranges  from  very  coarse  to  very  fine  in  grain,  and, 
thoagh  asnally  rather  massive/  always  shows  a  trace  of  foliation, 
and  oftm  paeses  into  a  well  foliated  gneiss.  The  color  is  gener- 
ally red,  but  may  become  grayish.  It  is  a  hornblende-biotitc- 
granite,  nBually  with  much  quartz,  which  is  either  bluish  or 
opaqne  white. 

Ab  above  indicated,  this  granite  hears  to  the  schists  and  quariz- 
ite  the  tame  relation  as  docs  the  gneiss  of  Wells  island,  and  all 
the  phenomena  of  dikes  and  inclusions  are  repeated  in  it,  with  the 
exception  of  the  tourmalin  contact  zones,  none  of  which  were 
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But  as  regards  the  relative  age  of  the  granite  and  the  granite- 
gneiss  there  is  less  certainty.  As  a  whole,  the  granite  is  more 
massive,  and  thus  a  younger  looking  rock  than  the  gneiss,  but 
when  the  former  becomes  well  foliated,  as  it  often  does,  it  is  prac- 
tically identical  with  the  gneiss.  The  most  constant  petro- 
graphic  distinction  in  the  field  is  the  presence  ol  the  opaque  white 
or  blue  quartz  in  the  granite,  but  even  this  fails  in  the  gneissic 
phases.  Coleman^,  in  describing  the  same  granite  in  the  Cana- 
dian islands,  mentions  it  as  cutting  and  including  the  gneiss,  and 
his  data  are  conclusive,  but  it  is  not  certain  that  he  uses  the 
term,  gneiss,  in  the  sense  in  which  it  is  here  employed.  Certainly, 
the  writer  could  find  no  instances  of  the  granite  cutting  the  gran- 
ite-gneiss, or  of  inclusions  of  the  latter  in  the  former,  though  in- 
clusions of  the  quartzite  and  schist  are  abundant. 

lAs  al)ove  stated,  the  term,  gneiss,  is  here  used  to  embrace  a 
complex  of  granitic  gneisses,  known  to  vary  in  age,  though  all  are 
younger  than  the  schist,  but  so  closely  related  and  so  inter- 
mingled  that  their  separation  is  often  impossible.  It  would  be 
entirely  consistent  to  map  the  Grindstone  island  granite  as  a  part 
of  the  granite-gneiss,  regarding  it  as  pi'obably  the  youngest  mem- 
ber of  this  complex  formation  in  this  vicinity.  But,  on  account 
of  the  prevailing  massive  habit  of  the  granite,  which,  with  its 
location,  tends  to  differentiate  it,  also  on  account  of  its  previous 
.  classification,  it  is  here  mai)ped  separately.  Tliat  it  has  a  close 
genetic  relation  to  the  granite-gneiss  as  a  whole,  and  is  identical 
with  part  of  the  latter  as  here  mapped,  is  certain.  Indeed,  the 
distinction  between  the  two  rocks  on  Wells  island  is  conjectural. 
In  these  respects,  the  granite  occupies  a  position  similar  to  that 
of  the  granites  in  Gouverneur  and  the  syenite  in  Diana,  described 
in  previous  reports. 

Passing  to  the  south  bank  of  the  river,  the  granite-gneiss  mixed 
with  schist  stretches  from  Chippewa  to  Collins  Landing,  a  dis- 
tance of  about  20  miles. 

A  beautiful  instance  of  schist  inclusions  in  the  granite-gneiss 
is  shown  at  Alexandria  Bay,  in  a  lot  at  the  corner  of  the  Red- 

^Canadian  record  of  science.     1:127. 
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wood  and  Cteyton  roads.  All  of  the  features  of  such  occurrences 
are  perfectly  shown  on  a  glaciated  surface,  some  tiuodreds  of 
aqnare  feet  in  extent.  The  schist  here  is  a.  light  pinkish  gra; 
and  might  be  taken  for  a  fine  variety  of  the  granite-gneiss,  but 
the  latter  cntB  it  in  every  direction  in  dikes  varying  from  several 
feet  down  to  a  fraction  of  an  inch  in  thickness.  At  a  few  points 
ibe  tourmalin  zone  is  developed,  but  it  is  generally  lacking. 
I  A  minor  feature,  as  at  many  similar  localities,  is  a  series  of 
liall  dislocations,  faulting  the  dikes  two  or  three  inches  orjess, 
reat  many  times,  as  shown  in  plate  15.  Ilere  quartz  veins 
ft  Hobsetinent  to  the  faults,  cementing  the  fissures. 
Similar  phenomena  are  shown  along  the  Clayton  road,  west 
lAIexandrin  Bay.  The  gneiss  is  the  country  rock  for  several 
pies,  and  the  nlmost  continuous  exposures  present  many  fine 

inples  of  iucliisions. 
FHalf  a  mile  south  of  this  road,  there  is  a  ridge  of  schist  some 
IrO  miles  iu  length  and  a  half  mile  or  more  in  width.  The  rock 
jfor  the  most  part  strongly  foliated  and  banded,  with  granulitic 
rture,  cninibling  to  sand  when  weatherctl,  and  of  a  green  or 
Iternating  green  and  pink  color. 

fcln  composition  it  is  chiefly  pyroxene,  feldspar  and  calcite  with 
Idoto.  Such  a  schist  might  bo  derived  from  a  basic  igneous 
l^fc  or  from  a  very  impure  limestone,  and,  as  similar  rocks  occur 
I  association  with  crystalline  limestone  a  few  miles  away,  the 
hfter  origin  is  assumed  as  true  for  this  one, 

Thia  ridge  is  remarkable  for  the  abundance  of  intrusions  of 
the  granite-gneiss;  indeed,  the  writer  can  recall  no  other  local- 
-  iij  where  the  phenomena  of  Intrusion  are  so  beautifully  shown. 
Id  every  direction  trasses,  sheets  and  dikes  of  the  pink  or  gray 
granite-gneiss  break  through  the  dark  schist,  and  the  sharp  con- 
trast of  color  adds  much  to  the  clearness  and  beauty  of  the  ex- 


There  is  a  marked  tendency  in  the  intrusions,  large  and  small, 
to  follow  the  foliation  of  the  schist,  and  some  sheets  have  the 
appearance  of  interbedding;  bot  exceptions  to  the  rule  are 


r94  NEW    YORK    STATE   MUSEUM 

abundant,  the  dikes  running  in  every  direction,  and  often  branch- 
ing. 

Plates  18  and  19  illustrate  both  cases. 

A  somewhat  peculiar  feature  of  those  exposures  is  the  entire 
absence  of  contact  metamorphism.  When  an  acid  intrusive  cuts 
a  basic  calcareous  schist,  contact  minerals  would  be  expected, 
but  none  occur  here.  Even  the  small  tourmalin  zones,  developed 
elsewhere  under  what  would  seem  much  less  favorable  condi- 
tions, are  lacking. 

However,  while  contact  zones  fail,  some  interesting  mineral 
localities  occur  on  the  ridge.  The  pegmatitic  aspect  of  some  of 
the  dikes  led  the  writer  to  think  that  somewhere  in  the  schist 
would  be  found  the  localities  which  furnish  the  well-known  speci- 
mens of  flesh  colored  orthoclase  and  specular  hematite  which 
are,  in  many  mineral  collections,  labeled  as  coming  from 
Alexandria.  Such  proved  to  be  the  case,  these  minerals  oc- 
curring in  very  acid  pegmatites,  so  acid  indeed  that  sometimes 
they  are  little  more  than  quartz  veins.  The  specimens  are  so 
well  known  as  to  require  no  description.  These  mineral  veins 
cut  directly  across  the  foliation  of  the  schist  and  are  sharply 
defined.  Seen  by  themselves,  with  the  predominance  of  quartz, 
and  the  presence  of  some  calcite,  they  would  perhaps  be  taken 
for  purely  aqueous  veins.  But  in  the  presence  of  the  granite 
dikes,  between  which  and  the  veins  there  are  various  inter- 
mediate forms,  it  seems  practically  certain  that  these  mineral 
veins  are  igneous  in  origin,  presumably  representing  a  very  late 
stage  of  activity,  in  which  vapors  and  hot  solutions  played  the 
chief  part. 

Two  dikes  of  diabase  were  also  noted  in  this  ridge,  but  they 
have  no  special  significance. 

A  mile  farther  south  is  another  ridge  of  schist  similar  to  the 
above  and  to  be  classed  with  it.  But  it  is  comparatively  lacking 
in  intrusions  of  the  granite-gneiss  and  presents  nothing  of  par- 
ticular interest.  This  absence  of  intrusions  in  the  ridge  may  be 
due  to  its  being  farther  from  the  contact  with  the  granite-gneiss, 
but  the  surrounding  Potsdam  hides  all  evidence  on  this  point* 


The  larjjie  swainp  eiiKt  of  Alfxuiidria  Rii,y  is  ji  (aiijrie  of  arliists 
and  granite-gneiss  bo  confused  that  their  separation  is  almost 
impossible,  and  the  mapping  muBt  be  taken  as  merely  a  rough 
aiiproximution  to  accuracy.     " 

Continuing  suullieaKterly,  the  schists  again  appoar  in  the  neigh- 
borhood of  Redwood,  and  extend  in  a  broad  belt  norlheastwaril 
to  Itlark  lake.  This  is  one  of  the  most  iutereKting  of  all  of  the 
belts  of  the  metamorphosed  sedimentary  series  in  this  part  of  the 
state,  oil  aceount  of  the  variety  of  roeka  it  contains.  Crystalline 
limestone,  coarse  grained  white  and  graphitic,  is  abundant  and 
BL'rves  to  correlate  the  formation  with  the  extensive  limestone 
bells  farlher  south.  This  rock  appears  in  small  quantity  about  a 
mile  north  of  Redwood,  and  is  widespread  to  the  east  of  Butter- 
fleld  lake.  Typical  vitreous  qnartzite  is  anothtr  important  feat- 
ure of  the  belt,  forming  a  high  steep  ridge  south  of  Butterfield 
lake,  along  the  road  from  Redwood  to  Rossie,  The  rock  is  iden- 
tical with  that  of  Wells  island,  and  thns  serves  to  connect  the 
latter,  together  with  its  associated  schieta,  with  the  crystalline 
limestone  formation. 

Across  the  road  from  the  quartzite,  another  high  ridge  occurs, 
made  up  of  hornblende,  mica,  and  pyroxene  schists  and  very 
impure  limestones.  The  pyroxene  schists  are  so  closely  sitnllar 
to  those  of  the  schist  ridges  above  described  that,  aa  already 
stated,  there  can  be  no  doubt  that  the  latter  also  are  to  be  re- 
garded as  belonging  to  the  limestone  formation.  This  correlation 
is  rendered  even  more  sure  by  the  fact  that  these  rocks  near 
Butterfield  lake  bear  the  same  relation  to  the  granite-gneiaaes 
that  the  other  schists  do.  This  is  clearly  shown  by  dikes  of  the 
pink  granite  and  granite-gneiss  cutting  the  schiats  near  the  qnart- 
zite ridge,  and  reproducing  all  of  the  structural  features  shown 
in  the  localities  before  described. 

This  locality  is  of  much  interest,  aa  it  affords  an  excellent 
showing  of  the  cryataliine  rocks  that  are  regarded  beyond  ques- 
tion as  of  sedimentary  origin.  Quartzite,  dark  lionibleude  schist, 
mica  schist,  pyroxene  schist,  and  pyroxene  and  mica  gneisses 
with  impucc  liiuestaiics  oucceed  each  other  rapidly  and  abruptly 
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across  the  strike,  which  is  northeast  with  a  prevailing  steep  dip 
to  the  south.  It  is  hardly  possible  that  this  is  anything  but  a 
sedimentary  formation,  and  in  every  way  it  is  in  striking  con- 
trast with  the  granite-gneisses,  which  are  certainly  igneous. 

As  has  been  frequently  stated  in  previous  reports,  such  locali- 
ties are  important  as  standards  of  comparison  in  determining  the 
nature  of  rocks  which,  on  account  of  their  isolation  or  of  poor 
exposures,  give  no  direct  evidence  of  their  origin. 

But  even  in  this  belt  there  are  some  rocks  of  doubtful  char- 
acter— certain  light  colored  acid  gneisses,  which  are  massive  and 
look  like  granites,  though  in  many  respects  they  behave  like  con- 
stituent parts  of  the  sedimentary  series.  It  is  likely  that  both 
igneous  and  sedimentary  gneisses  are  here  represented,  but  their 
differentiation  will  require  much  close  work. 

In  regard  to  the  distribution  of  the  granite-gneisses  but  little 
need  be  said,  since  it  has  been  already  stated  that  they  occupy 
all  of  the  areas  between  the  schists,  not  covered  by  the  Potsdam. 
A  few  of  the  gneiss  localities,  however,  demand  special  mention. 
Of  these,  perhaps  the  most  important  is  about  half  a  mile  north 
of  the  old  military  road  leading  from  Redwood  to  South  Ham- 
mond, and  beside  the  road  running  north  to  the  river,  1^  miles 
east  of  the  former  place.  This  locality  is  important  because  it 
shows  clearly  the  complex  nature  of  the  granite-gneiss.  A  rather 
coarse,  dark,  grayish  red  gneiss  is  cut  and  veined  by  a  fine,  light 
pinkish  red  gneiss.  If  the  two  rocks  occurred  in  distinct  out- 
croi)s  but  slightly  separated,  they  would,  almost  without  ques- 
tion, be  regarded  as  parts  of  one  and  the  same  rock,  and  it  was 
only  after  the  careful  examination  of  several  outcrops  that  the 
writer  felt  convinced  of  their  difference  in  age.  The  exposures, 
in  an  open  field,  are  numerous  and  excellent,  showing  sharply 
defined  contacts  between  the  two  gneisses,  with  no  gradation 
between  them,  and  with  clearly  marked  dikes  of  the  fine  gneiss 
cutting  the  coarse.  With  poorer  exposures,  such  for  instance  as 
generally  occur  in  wooded  districts,  this  difference  in  age  would 
probably  be  overlooked;  and  even  where  it  has  been  fully  estab- 
lished, the  actual  separation  of  the  rocks  in  mapping  remains  a 
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matter  of  the  utmost  difficulty.     It  could  be  accouiplislied  only 
on  an  accurate  map  of  large  scale. 

One   farther  point   of  importance  requires   statement.     Both   I 
gneieeeB,  the  coarse  and  the  fine,  contain  characteristic  inclusions 
of  the  schist,  and  so  the  older  as  well  as  the  jouoger,  as  would  be 
thought  from  its  appearance,  is  igneous,  and  both  are  younger 
than  the  limestone  formation. 

It  happens  that  one  of  the  widely  scattered  occurrences  of 
■hyperite  is  located  here,  numerous  dikes  cutting  both  gneisses 
'«o  that  the  locality  has  the  interest,  rather  unusual  for  this 
region,  of  showing  within  a  radius  of  a  few  rods  rocks  of  four 
different  ages,  clearly  deiined,  while  a  fifth  age  is  shown  in  the  | 
Potsdam,  hardly  half  a  mile  distant.  ' 

A  similar  complexity  in  the  gneiss  is  indicated  about  one  and 
one  half  miles  north  of  Redwood  on  the  road  to  Alexandria  Bay, 
but  the  phenomena  are  not  clearly  shown,  and  admit  of  a  different 
interpretation. 

One  half  mile  north  of  Orasse  lake. in  the  midst  of  the  great  sedi- 
mentary  bel*  described  abnve.  thei-e  is  a  bold  ridge  of  very  coarse,  I 
porphyritic  red  gneiss.  It  is  of  a  decided  red  color,  with  feld-  i 
Spars  an  inch  ov  more  in  length,  and  is  well  foliated,  resembling 
I'losely  the  coarse  porphyritic  and  augen  gneisses  so  common 
farther  south.  Frequent  bands  and  masses  in  the  rock  are  quite 
different,  being  decidedly  fine  grained.  But  after  a  careful  ei' 
amiiiation  the  writer  was  unable  to  decide  positively  whether 
there  is  a  difference  of  age  similar  to  that  described  above,  or 
the  fine  gneiss  is  simjily  a  phase  of  the  coarse.  The  former  is 
|)robably  the  ease,  but  the  question  is  an  open  one. 

The  coarse  gneiss  is  clearly  igneous,  containing  mauy  inclusionii 
of  the  schist.  One  of  these  merits  particular  mention,  A  knob- 
like expoeure  a  few  yards  in  extent  shows  on  one  of  its  rounded 
sides  a  sharp  contact  between  the  gneiss  and  the  schist.  On  the 
opposite  side,  the  gueiss  appears  in  little  strings  aud  lumps, 
aoiuewliat  puckered,  scattered  lliriingh  the  schist  in  lines  parallel 
to  its  foliation.  The  result  is  the  production  of  a  sort  of  in- 
!6tioil  gpeiss  of  very  peculiar  aspect,  whose  origin  would  be  4 
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matter  of  miicii  doubt,  did  not  the  nature  of  the  exposure  make 
it  clear.  The  accompanying  plates  give  a  very  imperfect  idea  of 
the  phenomena. 

In  all  the  above  cases  of  a  certain  or  probable  difference  of  age 
in  the  gneiss  formation,  it  is  highly  probable,  from  the  nature 
of  the  rocks,  that  they  have  come  from  a  common  source,  and 
that  no  great  interval  elapsed  between  the  periods  of  eruption. 

About  two  miles  south  of  South  Hammond,  near  the  road  to 
Rossie,  the  granite-gneiss  shows  a  peculiar  pegmatitic  phase, 
probably  relatively  late,  packed  with  schist  inclusions  of 
every  conceivable  shape  and  size,  which  are  themselves  penetrated 
by  dikes  of  granite  and  veins  of  quartz  in  great  variety.  For 
an  exhibition  of  all  these  phenomena,  the  locality  can  hardly  be 
surpassed,  and  is  thus  important  as  a  basis  of  comparison. 

Nearly  everywhere  in  the  region  studied,  the  Potsdam  sand*^ 
stone  is  a  conspicuous  formation,  on  account  of  its  quantity  and 
its  mode  of  occurrence.  As  a  whole,  it  is  a  rather  fine  grained 
sandstone,  consisting  almost  entirely  of  well  rounded  quarts 
grains  cemented  by  secondary  quartz.  It  is  very  uniform  ovest 
wide  areas,  showing  almost  no  variation  except  in  color,  the  pre* 
vailing  light  gray  or  white  being  frequently  replaced  by  red, 
sometimes  with  complex  striping  and  mottling.  In  general,  the 
bedding  is  practically  horizontal,  although  gentle  dips  are  not 
uncommon.  Occasionally  steep  dips  are  shown;  a  conspicuoos 
example  being  in  the  village  of  Theresa,  where  some  rather  sharp 
folds  appear. 

The  upper  part  of  the  Potsdam  is  calcareous,  and  it  doubtless 
passes  gradually  into  the  Calciferous,  as  it  does,  according  to 
Gushing^  in  Clinton  county. 

The  actual  base  of  the  Potsdam,  in  contact  with  the  underlying 
crystalline  rocks,  was  seen  at  only  three  points.  One  of  these  is 
on  the  road  from  Redwood  to  Rossie,  where  it  descends  the  Pots- . 
dam  escarpment,  just  west  of  Mill-site  lake.  The  flat  Potsdam 
rests  on  the  eroded  edges  of  a  much  decomposed  ferruginous 
schist.    The  bottom  layer  of  the  Potsdam,  varying  from  1  inch  to 

*15tli  an.  rep't  N.  Y.  state  geolo^st.     1S95.    p.  511. 
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feet,  is  a  conglomerate,  with  ratlier  small  quartz  pebbles^ 
Above  this  the  roek  has  its  normal  character. 

About  five  miles  east  of  this  point  and  one  mile  west  of  Grasse 
Jake  there  is  another  contact  of  a  very  similar  character.  The 
tliird  contact  is  on  Wells  island,  about  one  mile  east  of  Thousand 
Island  Park  near  the  road  leading  to  Westminster  Park.  Here 
the  Potsdam  rests  on  decomposed  granite-gneiss  oi-  schist  and 
tlie  lower  5  feet  of  the  former  is  sandstone.  Above  this 
is  quartz  conglomerate,  with  pebbles  ranging  up  to  6  inches 
it*,  diameter.  Judging  from  these  localities,  it  is  evident 
tliat  the  Potsdam  of  this  vicinity  is  somewhat  different 
from  that  farther  east  where,  as  Gushing^  has  shown,  the 
lo"wer  part  of  the  formation  is  always  a  coarse  conglomerate 
a-Ud  usually  red.  The  latter  variety,  excepting  the  red  color, 
however,  shown  at  several  points  on  Wells  and  Grind- 
stone islands,  though  in  no  case  has  it  been  found  in  contact  with . 
the  pre-Cambrian  rocks.  These  localities  ahow  a  very  massive 
conglomerate,  with  pebbles  ranging  up  to  a  foot  or  more  in 
keter,  the  pebbles  usually  being  quite  rough  and  angular.  In 
eition,  these  pebbles  are  singularly  uniform,  aa  they  are 
E^Orare  exception  fragments  of  quartzite,  identical  with  that  of 
tlje  neighboring  ridges,  or  of  vein  quartz,  such  as  occurs  abund- 
antly all  through  the  pre-Cambrian  rocks.  Careful  search  re- 
vealed a  few  small  pebbles  derived  from  the  tourmalin  contact 
zones  described  above,  indicating  a  degree  of  resistance  for  this 
rock  which  is  also  shown  by  a  general  projection  of  the  zones 
above  the  surrounding  rock  surfaces.  Not  a  pebble  was  found  of 
the  granite-gneiss  or  schist,  the  conglomerate  being  thus  es- 
sentially different  from  a  true  basal  conglomerate.  So  far  as 
composition  is  concerned,  the  conglomerate  is  practically  identi- 
cal with  the  sandstone;  both  are  almost  pure  quartz,  and  differ 
only  in  grain. 

From  this  very  pronounced  character  of  the  formation  it  seems  . 
justifiable  to  conclude  that  the  rocks  of  the  pre-Cambrian  land 

Totsiiam  and  pre-Cambrlan  bonndary,  16th  an.  rep't  N.  Y.  state  geol- 
ogist,   isee. 
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had  been  so  thoroughly  weathered  that  the  only  coarse  fragments 
available  for  building  conglomerates  were  purely  quartzose  the 
feldspars,  ferro-magnesian  minerals,  etc.  having  been  decomposed^ 

The  finer  parts  of  these  residual  clays  can  not  now  be  located  ;. 
but  it  is  natural  to  assume  that  thev  somewhere  formed  shales  , 
now  buried  under  later  sediments.  Some  of  the  clay,  too,  ma_^ 
have  been  mingled  with  the  sand,  to  furnish  by  more  complete  e 
decomposition  the  large  amount  of  silica  now  seen  as  secondar  ^ 
quartz  cementing  the  sand  grains.  But  this  is  a  problem  whicTfc 
can  not  be  considered  at  present. 

As  to  the  topography  of  the  land  surface  at  the  time  of  tLime 
incursion  of  the  Potsdam  sea,  but  one  conclusion  is  indicated  t> jr 
the  data  at  hand,  though  the  evidence  is  cumulative,  rather  thsi.  n 
conclusive  in  separate  instances.  It  is  a  very  general  rule  tha."*:^ 
where  the  Potsdam  and  the  crystallines  are  shown  in  close  proix:- 
imity  (and  such  localities  are  very  numerous),  the  uneven  surface 
of  the  latter  rises  at  many  points  far  above  the  base  of  tti^ 
former;  and,  were  the  flat  beds  of  the  Potsdam  to  be  extended,  sts 
they  once  were,  they  would  wrap  around  these  knobs  of  tlk^ 
crystallines.  Again,  high  ridges  of  the  crystallines  often  rise  t<^ 
a  considerable  elevation  above  the  top  of  adjacent  horizontally 
bedded  areas  of  Potsdam.  These  latter  cases,  of  course,  diff^^^ 
in  degree,  not  in  kind,  from  the  foregoing.  To  account  for  thes^ 
phenomena  only  two  explanations  are  available:  either  the  Pot^' 
dam  was  deposited  on  a  very  uneaven  surface,  or  it  was  deposite 
on  a  flat  surface,  and  subsequent  faulting  has  produced  tlE^ 
existing  relations.  The  latter  explanation  would  require  an  in^- 
meuse  number  of  faults,  running  in  every  direction,  and  ofte 
with  very  sinuous  courses.  As  a  matter  of  fact,  only  one  fault: :t 
and  this  a  xevy  small  one  three  miles  north  of  Redwood,  has  beeX^ 
noted,  and  it  is  highly  improbable  that,  of  the  large  number  re-^ 
quired  by  this  explanation,  many  would  not  be  readily  detected  - 

In  some  cases,  the  Potsdam  is  so  nearlv  in  contact  with  the^ 
uneven  crystallines  that  a  fault  is  hardly  possible,  while  in  on^ 
instance  there  is  a  well  defined  inlier  of  crystalline  in  Potsdam^ 
which  is  of  course,  so  far  as  it  goes,  conclusive  evidence. 
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This  Ib  on  the  road  running  northeast  from  Alexandria  Bay, 
near  the  river,  and  about  two  miles  from  the  village,     fn  the 
midst  of  a  flat  area  of  Potsdam  the  granite-gneiss  appears,  its 
surface  level  with  that  of  the  surrounding  sandstone,  and  like  it, 
well  smoothed  by  glaciation.    A  quarter  of  a  mile  northwest,  the 
Potsdam  drops  away  with  an  abrupt  slope  down  to  the  gneiss 
i^hich  stretches  along  the  river.      The  sandstone  is  horizontal, 
and  about  forty  feet  thick,  so  that  the  granite-gneiss  now  pro- 
jects up  into  it  this  distance,  and  has  lost  an  unknown  upward  ex- 
tonsion  by  erosion. 

All  of  these  facts  taken  together  render  it  practically  certain 
tliiat  the  Potsdam  was  laid  down  on  an  uneven  surface  of  the 
ci!*ystalline  rocks. 

The  same  conclusion  was  drawn  by  the  writer^  five  years  ago 
ftrom  «tudy  in  Gouverneur  and  Antwerp,  but  the  data  then  avail- 
ei-lDle  were  much  less  reliable.  Gushing^  holds  the  same  view  for 
te region  studied  by  him;  while  Kemp^  has  applied  it  tentatively 
the  entire  Adirondack  region.  The  writer  hesitates  to  accept 
le  latter  generalization  till  supported  by  more  data  than  are 

available. 

Borne  years  -since,  Lawson*  gave  reasons  for  believing  that  the 
CJambrian  and  -Silurian  rocks  of  Canada  were  also  deposited  on 
^-  rolling  surfaee  of  crv'stallines.  But  Crosby^  has  recently  de- 
^csribed  the  contact  of  Potsdam  and  pre-Cambrian  rocks  in  Colo- 
^^«do,  showing  that  the  former  were  laid  down  on  a  nearly  plane 
^tirface.  From  this  fact,  together  with  the  nature  of  the  sand- 
***f:one,  he  draws  some  broad  generalizations  of  much  interest  and 
i»iportance. 

For  the  region  here  under  consideration,  however,  these  gen- 

^Talisation«  do  not  hold  good,  since  we  have  a  sediment  free  from 

^ffkoee  and  in  close  proximity  to  an  erosion  unconformity,  but 

"tlie  nnconformity  is  not,  as  according  to  Crosby's  hypothesis,  it 

'18th  an.  rep't  N.  Y.  state  geologist.     1893.    p.  5<)1). 

■Op.  ol».  p.  6. 

"BnL  seoL  see.  Amer.  8:408-12. 

*««.  1:168-73. 

^MA.  iad.41-64. 
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should  be,  approximately  plain  and  featureless,  but  quite  the 
reverse. 

On  the  one  hand,  the  uneven  surface  of  the  pre-Cambrian  rocks 
indicates  a  relatively  rapid  transgression  of  the  sea,  too  rapid  to 
permit  of  its  !i;educing  the  land  to  a  structureless  submarine  plain. 
The  occasional  coarse,  poorly  assorted  conglomerates,  with  very 
angular  pebbles,  also  point  to  the  same  conclusion.  On  the  other 
hand,  the  prevailing  homogeneity  of  the  sandstone  and  the  com- 
plete absence  of  arkose  suggest  slow  accumulation  and  a  perfect 
assorting. 

The  only  satisfactory  explanation  is  that  already  given — sl  very 
complete  weathering  prior  to  the  submergence;  and  such 
weathering,  in  which  chemical  changes  were  dominant,  is  to  be 
correlated,  as  Merrill^  has  suggested,  with  a  warm  and  humid 
climate.  But  even  with  a  deeply  weathered,  superficial  layer 
there  must  have  been,  lower  down,  a  zone  of  partially  weathered 
rocks,  which  would  furnish  arkose  material,  to  be  disposed  of  in 
some  way. 

To  the  writer  it  seems  probable  that  the  time  required  by  the 
sea  to  cut  a  plane  surface  may  be  much  greater  than  that  re- 
quired under  favorable  conditions  ,to  decompose  and  disintegrate 
arkose  material,  and  that  thus,  while  a  plain  erosion  surface 
ought  theoretically  to  be  <30vered  by  a  purely  quartzose  sand,  an 
uneven  surface  may  also  be  covered  by  such  a  deposit.    Certainly 
Daubr^e's  familiar  experiment  suggests  that  such  decomposition 
and  disintegration  must  be  very  rapid  under  shoal  water  con- 
ditions; while  the  cutting  of  a  submarine  plane  must  be  a  very 
slow  process. 

The  present  topography  of  the  region  shows,  as  already  stated? 
a  very  close  dependence  on  the  geology,  and  varies  from  point  to 
point,  as  the  underlying  rocks  change. 

A  region  of  schists,  limestones  and  quartzites  like  that  east  of 
Redwood,  is  very  rugged  with  steep  ridges,  cliffs,  and  deep  nar* 
row  valleys.    The  maximum  relief  is  moderate,  but  the  irregu- 
larity is  excessive,  being  a  result  of  the  varied  resistance  offered 

^  Rocks,  rock  weathering  and  soils,    p.  283. 
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t/a  denuding  agenti  by  the  moDj  different  rocka  present. 
4)Qartske  IhiIIcIv  bigb,  steep  ridges,  the  scbists  more  rounding 
liaminock»,  while  the  crystalline  limestones  are  most  frequently 
cnt  into  valle^. 

\\Tiere,  ne  in  the  belt  just  south  of  the  river,  the  schists  occur 
Kalone,  the  topography  is  less  rugged,  though  still  lacking  the 
!0owing  contours  most  common  in  the  granite-gneiss.     The  latter 
[ivea  a  rolling  surface,  with  many  dome-like  masses,  sometimes 
ing  to  considerable  ridges.     Abrupt  slopes  and  cliffs,  so  com- 
jBon  in  the  schiat-limestone  regions,  are  the  exception. 
:  The  most  constant  topographic  form  is,  howeTer,  presented  by 
B  Potsdam.     This  formation  everywhere  produces  a  practically 
;  surface,  terminated  on   all  sides  by  steep  scarps,  falling 
fcay  to  the  crystalline  rocks  of  the  valley  bottoms. 
vAll  through  the  region  the  Potsdam  shows  numerous  beauti- 
■  glaciated  surfaces,  the  striations  having  a  northeast  and 
Eathweet  trend.    A  till,  poor  in  pebbles,  is  the  prevailing  glacial 
Rposit,    In  the  valleys  it  is  well  developed,  and  has    a    pro- 
oinced  rolling  surface.       On  the  uplands  it  is  much  thinner. 
Ssme  sands  and  gravels  are  not  abundant. 
Of  the  economic  geology  of  the  region  there  is  little  to  be  said. 
e  lead  industry  of  Rossie  is  of  historic  interest,  and  is  kept  in 
ad  by  the  beautiful  calcitea,  galenas,  and  pyrites  of  the  local- 
',  to  be  seen  in  every  large  collection. 
I  At  one  time  the  Potsdam  sandstone  was  the  basis  of  a  glass  in- 
bstry  at  Redwood,  but  today  the  factory  itself  is  gone.     The 
arge  fnmace  plant  at  Kossie  and  the  site  of  another  near  Bed- 
prood  are  the  only  reminders  of  an  iron  industry  once  of  some  im- 
portance. 

Ob  Grindstone  island,  the  granite  was  worked  on  a  consider- 
able scale  a  decade  since,i  but  today  all  of  the  quarries  aire  idle. 
■in  view,  however,  of  the  excellent  quality  of  stone  and  the  facili- 
Hes  for  shipment,  it  is  probable  that  the  industry  will  be  revived 
kt  no  distant  date. 


'Smock.  J.  C.     BiiUdlDff  stooe  in  the  state  of  New  York.    N.  T.  state 
ttb^l.  3.    35-36. 


rl04  NEW    YORK    STATE    MUSEUM 

The  Potsdam  sandstone  is  quarried  on  a  small  scale  at  many 
points  for  local  building  material.  It  is  also  an  excellent  ma- 
terial for  paving  stones,  and,  as  it  forms  a  long  scarp  paralleling 
the  railroad  in  the  town  of  Hammond,  it  is  worked  on  a  consider- 
able scale  for  this  purpose. 

A  good  deal  of  the  rock  is  also  used  for  road  metal,  but  as  it 
contains  no  cementing  material,  it  is  not  well  suited  to  this  use. 
For  ordinary  I'oad-building,  the  ci^stalline  limestone  is  better, 
and  is  used  when  readily  accessible.  The  same  rock  is  also  quar- 
ried and  burned  for  lime. 

At  present,  there  are  no  other  active  mineral  industries  in  the 
region;  and,  for  the  future,  it  is  safe  to  say  that  only  in  the  line 
of  building  stones  is  there  likely  to  be  any  great  development. 
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f    Oil  and  Gas  in  Southwestern  New  York 

:,>■ 
1."  f 

^fhiB  report  is  an  account  of  field  work  done  in  western  New 
iirk  during  the  summer  of  1899.  The  purpose  of  the  investiga- 
yjll  was  to  record  new  developments  of  natural  gas  and  petro- 
9^m  In  the  territory  covered  by  my  previous  reports  and  to 
Kitend  the  work  as  far  as  possible  eastward  from  Cattaraugus 
GWity.  For  convenience  of  treatment  each  county  will  be  con- 
iiiered  separately. 

Allegany  county 

The  borings  for  oil  and  gas  in  the  northern  part  of  this  county 
Are  yielded  nothing  of  economic  value  and  have  added  very  little 
6  OUT  knowledge  of  the  stratigraphy  of  the  region.  In  many 
Mes  no  records  have  been  kept,  or  when  kept  are  imperfect.  The 
Mlowing  records  gleaned  from  various  souEiCes  seem  worthy  of 
ifeflervaftion.    The  authority  for  each  record  is  given. 

Canaseraga 

MR  HELMS,  DRILLER,  WELLSVILLE  . 

A  well  about  1800  feet  deep  was  drilled  about  1880-81.    It  had 
show  of  gas  at  700  or  800  feet.    Corniferous  limestone  was  not 
^ched. 

Birdsall 

H.  R.  ELLIOT 

The  firm  of  Davis  &  Elliot,  Wells^ille  (N.  Y.)  drilled  this  well. 


Wt  Feet 

0. -Casing  to  205 

ft  Top  pay  gas  sand  270 

L9  Bottom  pay  gas  sand  282 


Feet 
Top,  second  pay  gas  sand  740 

Bottom,  second  pay  gas  sand      760 

Total  depth  SCO 


^tbls  well  furnished  gas  enough  to  run  the  boiler. 

At  Bhorttract,  nearly  midway  between  Hume  and  Birdsall,  a 
qi)l  was  sunk  about  1885-86,  whose  record  I  have  not  been  able 
)' obtain. 
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Feet 

20  to  1^5 

15 

1960 

20 

1980 

22 

2002 

124 

2126 

48 

2174 

206 

2380 

Bud  well.    Hume 

A  well  was  drilled  in  the  summer  of  1899  on  the  Buel  farm  1 
mile  west  of  Hume.  The  following  record  is  furnished  by  A.  D. 
Congdon,  of  Clarksville  (N.  Y.)  driller.  Measurements  above 
1400  feet  were  taken  with  a  steel  tape.  Below  that  the  records 
were  by  cable  measurements. 


Light  colored  shale 
Hard  flint 

Soft,  light  colored  shale 
Flinty  with  shells,  very 

hard 
Dark   shale 
Very  dark   shale 
White  shale 
Dark  shale  with  occa- 
sional very  hard  shell    170 
Shale  and  shells,  each 

screw  containing 

some  sand 
Hard  gray  and  brown 

sand  or  limestone 
Clear  rock  salt 
Soft,     blue     and      red 

mixed    shale    which 

caved 

(Salt  and  shale  below  it  cased 
off  to  stop  caying) 

Blue    and    red    shales, 

inclined  to  cave 
Stopped  in  red  and  blue 

shales 


Feet 

Soil 

35  tc 

\     35 

Shale  without  shells  or 

sand 

225 

200 

Shells  and  slate 

20 

280 

Shale 

121 

401 

Wet  sand 

1 

402 

Salt  water 

13 

415 

Shale 

350 

765 

Gray    sand,    even    and 

not  hard 

10 

785 

Shale 

15 

800 

Gray  sand  with  a  little 

gas  and  show  of  o\\ 

255 

1055 

Shale    with    occasional 

light  shell  and  some 

gas 

at  1055 

Soft  brown   shale 

22  to  1177 

Soft  sand   with  gas 

15 

11^ 

Soft  sand 

35 

1227 

Sand  mixed  with  dark 

shale  and  show  of  oil 

7 

1227 

Brown  shale  without  a 

break 

323 

1550 

Light  colored  shale 

150 

1700 

Very  dark  shale 

190 

1890 

Very  hard  flint  rock 

35 

1925 

2550 


200      2750 


90 
GO 


2840 
2900 


115      3015 


311       3326 


at  3326 


A  thin  layer  of  mixed  salt  and  shale  was  found  at  3150  feet. 
A  hard  spot  occurred  between  3015  and  3023  feet.  The  well  was 
practically  barren  of  gas. 

^ew  Hudson 

J.    FOX,    ORAMEL 

Two  wells  have  been  bored.  Well  no.  1  had 


Feet 
Second  sand  with  gas  at  about    750 

Third  sand,  30  feet,  with  oil,  at 

about  1073 


Depth  of  well 


Feet 
1203 
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The  wpII  was  later  dee|ieiied  to  -OWi  feet  without  fiDding  more 
oil  itr  gas.  Well  no.  2  was  diilled  in  18S2  about  80  rods  from  no. 
1.    It  was  2000  feet  deep  and  barreti- 

Jidfiist 

J.  D.  SWIFT,  BELFAST 

A  well  on  White  creek  4  miles  south  of  Belfast  is  1900  feet 
deep.  GuB  enough  to  burn  8  feet  high  was  found  at  1100  feet. 
This  was  afterward  drowned  ont  by  salt  water.  Oil  to  the  extent 
of  a  pailful  to  the  boiler  was  obtained  in  the  third  sand.  Three 
wells  have  also  been  sunk  across  the  river  on  Wigwam  creek, 
northwest  of  the  village.  Another,  suuk  in  1S98  on  the  Post 
fai-m,  is  reported  to  be  000  feet  or  more  deep.  Small  amounts  of 
gas  were  found  in  these,  but  there  is  no  definite  information  as 
to  quantity  or  the  horizon  at  which  it  was  found.  Three  wells 
have  also  been  bored  at  Cuba. 

Five  wells  have  been  drilled  in  the  township  of  Rushford,  three 
of  which  were  put  down  about  1864-05,  and  tho  other  two  about 
1883-84.  W.  W.  Bush,  of  Rushford,  furnishes  the  following 
record  of  the  upper  part  of  one  of  these  which  was  drilled  to  the 
depth  of  about  2000  feet. 

Drift  4 

Shale  (V)  8-5 

Bud  sauil  38 

Shpll  and   Blate  42 

Mountain   sanil   (';i  17 

Shell  and  slatfi  415 
First     Sana     with     gaa 

euongh  for  holler  4'i 

yew  Hudson,  Itelfast  and  Ornmel 
In  the  vicinity  of  Oraniel,  New  Hudson  and  Belfast  are  several 
borings  of  which  no  reliable  records  remain.    The  following  are 
from  memory  and  at  best  are  only  approximate. 

Mr  Helms,  of  Wellsville,  reports  having  found  Corniferous  lime- 
stone in  one  of  these  wells  at  2020  feet.  The  well  was  completed, 
at  3030  feet,  in  the  limestone.    A  pocket  of  ga?,  MOO.  exfaayBted,, . 


Sh:ll(. 

ai3 

an. 

Srcond  sand 

131) 

1041 

Slicll  and  slnte  (V) 

124 

1165 

Saud  and  sliale 

20 

1185 

Shell,  Mate,  and  votie 

ti 

atone 

208 

14.>1 
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A  group  of  wells  at  Almond  had  a  good  initial  pressure  of  gas 
but  soon  ceased  to  be  productive,  and  were  abandoned. 

Miner  Wellaman  states  that  four  test  wells  were  drilled  be- 
tween Cuba  and  Friendship  to  the  depth  of  about  1400  feet.  They 
all  had  a  show  of  oil  but  not  enough  to  pay. 

Several  wells  have  been  drilled  between  Friendship  and  Bel- 
vedere of  which  no  records  could  be  obtained.  Mr  Higgins,  who 
helped  drill  some  of  these,  says  that  two  or  three  had  a  show  of 
oil  at  1000  to  1200  feet  in  the  third  sand.  One  well,  1600  feet 
deep,  was  estimated  by  the  drillers  to  have  a  possible  capacity  of 
three  to  15  barrels  a  day;  but,  as  it  has  never  been  utilized,  this 
was  probably  an  over-estimate. 

Several  borings  have  been  made  near  Belmont,  but  no  accurate 
information  has  been  preserved.  A  well  on  the  farm  of  Park 
P.  Leilous,  1  mile  north  of  the  village  is  said  to  be  2800  feet  deep, 
Mr  Leilous,  however,  thinks  that  it  is  shallower.  The  well  fur- 
nished some  oil  at  400  or  500  feet  and  more  than  enough  gas  to 
run  the  engine. 

Another  well  across  the  river  on  the  farm  of  Mr  Leilous's 
brother  was  drilled  to  the  depth  of  1300  feet,  producing  a  little 
oil  and  gas.  A  third  well  was  put  down  about  100  rods  from  the 
Park  Leilous  well,  drawing  the  oil  from  its  predecessor  and  leav- 
ing it  dry.  A  dry  hole  is  reported  on  the  Tucker  farm,  and  wells 
of  no  commercial  value  on  the  Bigelow  farm,  IJ  miles  from  Bei- 
naont,  and  on  Phillips  creek,  east  of  Belmont.  The  last  is  said  to 
be  1800  feet  deep. 

Soio 

A  small  oil  pool  has  been  developed  at  what  is  known  as  Cow 
run  near  Scio.  It  consists  of  eight  wells  with  an  aggregate  pro- 
duction of  eight  barrels  a  day.  The  borings  average  about  400 
feet  deep  and  produce  almost  no  gas. 

H.  R.  Elliot,  of  Wellsville,  furnishes  the  following  facts  about 
a  well  drilled  by  Bellamy  &  Elliott  Nov.  6,  1892,  at  Petrolia, 
great  lot  3,  Scio  township. 


Feet 

Feet 

chocolate  sand 

at  1257 

Bottom  of  well 

at  1293 

om  cliocolate  sand 

atl3T3 

,  The  -well  gave  an  initial  production  of  25  barrels  a  day. 

WdtsviUe 

Seyeral  wells  have  been  sunk  in  the  immediate  vicinity  of 
Wellsville,  but  none  of  these  have  been  profitable.  A  well  1000 
feet  deep  on  the  Bentley  farm  has  about  50  feet  of  good  sand 
with  a  small  show  of  gas,  oil  and  salt  water  at  700  feet.  Two 
wells  have  been  drilled  at  Rivei'side,  both  being  unproductive, 

H.  B,  Elliot  also  furnishes  the  following  record  of  a  well  bored 
for  the  Adams  oil  co,  on  lot  103,  Wellsville  township,  4  miles 
southeast  of  Wellsville. 


Broken  sand  froin  1270  to  1305 

Second  pay  oil  sand  130a  to       1318 
Deptli  of  well  134" 


Conductor 

Casing  to   47C 

Top  gas  sand  at  1215 

Top  oil   sand,  containing  also 

some  gas  atl25S 

The  well  was  shot  with  200  quarts  of  nitroglycerine.    At  first 
it  produced  35  or  iO  barrels,  but  it  soon  fell  to  three. 


■CoDductof 

Casing 


Well  wo.  6,.Yeager  fan 


Drilled  August  1897. 


Top  oil  sand 
Bottom  otl  sand 
I  Total  depth 


I 


Started  at  20  to  35  barrels. 


Andorer  gas  and  oil  field 


This  field  lies  mostly  to  the  east  and  southeast  of  Andover, 
partly  in  Allegany  and  partly  in  Steuben  county.  Two  prodnoing 
sands  are  found,  the  upjrer  being  known  as  the  "  Penney  "  and 
the  lower  as  the  "  Fulmer  Valley  "  sand.    The  lower  produces, 
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in  addition  to  gas,  some  oil.  There  are  in  this  field  30  wells^ 
the  greater  number  producing  both  gae  and  oil.  The  first  wells 
drilled  gave  a  confined  gas  pressure  of  400  pounds  in  four  or  five 
minutes.  In  general,  when  the  gas  pressure  lessens,  the  oil  be- 
gins to  enter  the  well.  The  output  of  petroleum  has  been  as 
high  as  70  barrels  a  day,  but  in  August  1899  it  was  only  40 
barrels  a  day.  The  Mutual  gas  co.  limited,  controls  the  gas 
which  is  now  piped  to  the  villages  of  Andover,  Alfred,  Whites- 
ville.  Greenwood  and  Hornellsville.  The  following  well  records 
are  furnished  by  W.  J.  Penney,  of  Andover. 

Old  Bruiidage  icell 

This^  the  first  successful  well  drilled  in  this  field,  was  driven 
about  December  1888. 


Feet 
Casing  280 

Gas  at   648 

Oil  at   090 


ffJ^Tiv'    ■  Feet 

Bottom  of  oil  sand,  28  ft.  thiols   718 

LfOwer  sand  15  feet,  to  84^ 

Bottom  of  well  at  1115 


Lot  86  Andover 


W.  J.  PENNEY 

Feet 

Feet 

65 

Gas  sand,  15  feet  with  some 

280 

oil                                              at  68a 

Drive  pipe 
Casing 

The  gas  pressure  reached  125  pounds  in  6  hours.    Total  con- 
fined rock  pressure  about  200  pounds. 

Well  no,  1,    Randall  Pease  farm 

W.  J.  PENNEY 

Lot  30.    Greenwood  township.     Elevation  approximately  2148 
feet  A.  T. 

Feet 
Conductor  20 


Casing  320 

Second  gas  sand,  52  feet  thick 

atSM) 

Produced  9  or  10  barrels  a  dav. 


Feet 
(Oil  in  second  sand)  to  808 

Bottom  of  well  925- 


Richards  icell 

W.  3.  PENKEY 

"Lot  20,  Greenwood  township.    Drilled  1892. 


DrlTG  pipe 

Casing 

Gas  sand,  24  feet 


60 


Gray  eand  and  s&ale 
Completed 


to  777!4 
atS14 


at  746 
Produced  9  or  10  barrels  a  day. 

Updike  weH 

W.  J.  PENNEY 

East  of  Andover  near  county  line.     Drilled  April  4,  1S95. 
A  three  barrel  well 


Drive  pipe  40     Bottom  of  oil  sand  654 

Casing  330      Bottom  of  well  688 

Oil  sand  with  gas  at  627 

Well  records  from  the  principal  oil  field  lying  in  the  southern 
tier  of  townships  have  been  published  by  Asbburner  and  others. 
A  single  one  is  introduced  by  way  of  sample. 

Well  no.  2,  lot  S3,  Bolivar,  Waugh  and  Porter  sanda 

H.   R.  ELLIOT 

Bellamy  &  Elliot  owners. 


at  1341 


Bottom  oil  sanil 
Totq!  deptli 


atl40S;a 
1419 


Shot  Jan,  22, 1891, 


Consnmption  of  natural  gas  in  Allegany  and  Stenhea  counties 

The  Mutual  gas  co.  limited,  of  Andover  obtaina  its  gas  from 

the  Andover  field,  where,  as  has  been  stated,  it  has  30  producing 

wells.     It  supplies  with  fuel  and  light  the  villages  of  Andover, 

Alfred,  Whitesvitle  and  Greenwood  and  Hornellsville  in  part. 

As  the  gas  is  sold  both  by  meter  and  by  monthly  or  yearly  con- 
tract, it  is  difflcult  to  estimate  with  accuracy  the  total  output, 
J^ndover,  a  village  of  1000  inhabitants,  uses  gas  to  the  practical 
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exclusion  of  other  fuels  and  illuminants.  Alfred  has  175  gas 
connections.  Whitesville,  500  inhabitants,  and  Oreenwood,  200, 
get  the  greater  part  of  their  fuel  and  light  from  the  same  source. 
At  Hornellsville  there  were,  Aug.  1,  1899,  between  600  and  700 
consumers.  The  Andover  field  was  at  that  time  adequate  to  the 
demands  made  on  it,  but  was  not  considered  sufficient  for  the 
winter.  It  was  expected  that  the  number  of  connections  in. 
HomellsTille  would  be  doubled  by  the  end  of  the  year,  and  that 
additional  gas  would  be  piped  from  Potter  county  (Pa.) 

In  the  remaining  portion  of  Allegany  county,  lying  south  of  the 
Erie  railroad,  the  gas  is  derived  partly  from  oil  wells  and  partly 
from  welle  producing  nothing  but  gas.  It  furnishes  fuel  for 
drilling  and  for  private  houses  on  oil  and  gas  leases,  the  amount 
of  which  can  not  be  even  approximately  estimated. 

The  principal  output  is  controlled  by  the  following  companies. 

The  supply  of  the  Allegany  gas  co.  limited,  main  office  at 
Friendship  (N.  Y.),  H.  Wilcox  agent,  comes  from  Wirt  Center. 
The  wells  supply  both  oil  and  gas,  the  best  supply  of  gas  coming 
from  the  fourth  sand.  The  rock  pressure  is  here  about  225 
pounds,  but  the  flow  is  so  copious  that  three  or  four  wells  are 
sufficient  to  supply  the  line.  The  company  has  altogether  600 
meters  set  in  Friendship  and  Belmont. 

The  Producers  gas  co.,  office  at  Glean,  gets  its  gas  from  the 
vicinity  of  Geres  and  the  southwestern  part  of  Allegany  county. 
The  gas  pressure  at  the  wells  is  from  100  to  200  pounds.  This 
company  has  47  connections  in  Genesee,  where  the  gas  is  sold 
through  the  Empire  gas  co.  The  Producers  also  supplies  Port- 
ville^  East  Glean  and  Westons  Mills. 

The  Empire  gas  co.  supplies  Wellsville  with  light  and  fuel, 
the  gas  for  this  purpose  coming  from  Pennsylvania.  It  also  sup- 
plies Richburg,  Bolivar  and  Allentown  from:  the  Allegany  field. 
It  has  gas  connections  as  follows: 

BoHvar 257 

Richburg  48 

Allentown  52 

Total 357 


Ill  addition  it  has  about  50  conuectioDs  oa  leases  aud  boilers 
nsed  for  pumping  aud  drilling. 

The  Cuba  gas  co.  of  Cuba,  gets  its  gas  from  wells  near  Bolivar, 
Clarksville  and  Writ.  'It  supplies  Cuba  viHagej  wbL-re  it  Las  C50 
regular  consumers. 

A.  C.  McDonald,,  of  Bolivar,  has  also  a  private  line  from  which 
he  supplies  his  machine  shop,  the  boiler  on  his  leases,  about  100 
stoves  and  200  lights. 

Cattaraugus  county 

The  most  important  development  in  western  New  York  has 
occurred  at  Gowanda'.  Previous  to  1898  three  wells  had  been 
bored  within  the  village  limits.^ 

The  first,  situated  on  the  Erie  county  side  of  Cattaraugus  creek 
and  known  as  the  "  Frank  "  well  was  860  feot  deep,  the  second, 
«r  "  Vinton  "  well,  was  on  the  Cattaraugus  side  near  the  depot, 

'The  prodHclng  area  Is  nearly  all  Included  ivitliin  ft  square  mile  of  terri- 
tory, outelde  of  whlcli,  with  a  single  exception,  the  wells  liave  been  barren. 
GaensBler  &  Fisher  now  Lave  (June  1000)  13  wells,  six  ot  which  are  good. 
Mr  Gaenssler  Informs  me  tliat  one  gave  at  the  start  a  flow  ot  13,000,000 
cubic  feet  ft  day,  and  the  others  run  from  half  a  million  to  7.000,000  dally. 
Well  no.  6  had  a  light  oil  of  about  the  density  of  naphtha,  amounting  to 
about  half  a  barrel  a  day.  The  Standard  oil  co.  has  drilled  four  wells 
on  the  edges  of  the  Gaensslor  &  Fisher  leases,  only  one  of  which  was  pro- 
ductive. This  is  located  on  Broadway,  south  of  the  Gaenssler  &  Fishet 
wells  and  overlooking  them.  The  capacity  is  reported  to  be  one  bait 
million  feet  a  day.  Michael  Mclntyre  bas  drilled  three  wells  on  the  Erie 
county  aide  of  the  creek,  none  of  which  has  produced  a  large  supply  of 
gas,  although  what  there  is  will  be  utilized.  In  the  Bader  well  a  small 
amount  of  green  oil  was  found,  but  not  enough  to  pay  for  pumping. 
Gaenssler  &  Fisher  are  eshlbitiag  a  very  commendable  produce  in  the  con- 
trol of  the  gas.  having  abandoned  the  use  of  it  under  the  tannery  boilers 
and  shutting  It  In  with  the  exception  of  the  Immediate  supply  for  the  vil- 
lage. Under  these  conditions  the  wells  should  supply  all  the  gas  the 
Tillage  can  use  tor  many  years.  The  community  already  shows  the 
stimulus  of  this  find  in  the  settlement  here  of  industries  using  natural  g 
engines  for  power  and  moderate  heat,  as  in  a  canning  factory.  The 
growth  In  population  and  general  prosperity  has  been  quite  marked  during 
the  year. 
The  conditions  under  which  gas  is  found  at  Gowanda  indicate  a  rei 
^solr  extending  from  the  "  Bullltead."  or  ManUna  waterllne,  up  tt>  tlip 
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and  the  third,  or  "•  Ro«s  "  well,  about  two  miles  up  the  creek  neair 
the  forks.    Both  of  the  south  side  wells  penetrated  the  Cornifer— 
ous  limestone,  and  all  three  had  small  flows  of  gas,  but  not  ii 
commercial  quantities.    In  the  summer    of    1898    Gaenssler 
Fisher  drilled  a  well  near  their  tannery  between  the  Vinton  an( 

Ross  wells.    Sep.  23  gas  was  struck  in  the  Marcellus  shale  abou^ 1 

25  feet  above  the  tops  of  the  Corniferous  limestone,  the  volum( 
being  estimated  at  7,000,000  feet  a  day.  After  the  well  had  beei 
open  several  hours,  the  gage  showed  a  pressure  of  650  pounds  i] 
one  minute,  with  a  total  confined  rock  pressure  of  700  pounds 

Mar.  31,  1899,  the  well,  while  in  use,  showed  a  pressure  of  65»  0 
pounds. 

Gaenssler  &  Fisher's  second  well,  drilled  later  near  the  pre- 
ceding, had  a  confined  rock  pressure  of  G50  pounds  with  an  esti- 
mated output  of  3,000,000  feet  a  day.     The  gas  horizon  in  this 
well  was  50  or  GO  feet  below  the  top  of  the  Corniferous. 

Marcellus  shales.  The  porous  nature  of  the  first  rock  renders  it  a  likelj 
receptacle;  but  the  range  of  gas  horizons,  from  150  to  200  feet  in  vertical 
hight,  indicates  extensive  Assuring  in  the  Corniferous  and  underlying  lime- 
stones and  consequent  cavities  for  reservoirs.  The  conditions  here  seem 
favorable  for  a  gas  supply  lasting  through  several  years.  B.  F.  Whiting, 
of  Springville  N.  Y.,  who  has  been  drilling  wells  near  Gowanda,  fumisheJi 
me  the  following  notes  of  wells  sunk  by  him,  of  which  he  had  no  complete 
record. 

Well  sunk  for  Gaenssler  &  Fisher  on  the  Parks  farm  near  Dayton, 
Cattaraugus  co.  This  passed  through  500  feet  of  drift  without  striking 
rock  and  was  then  abandoned. 

Another  well  was  drilled  at  Skinner  hollow  3^  miles  northfeast  of  Cat- 
taraugus. The  record  held  by  the  gas  company  gave  the  depth  as  1962 
feet,  but  Mr  Whiting  thought  it  was  2160.    The  weU  was  barren. 

The  well  at  Otto,  sunk  for  Mr  Richardson,  penetrated  the  Corniferous 
limestone  and  was  continued  50  feet  into  the  shales  below,  total  depth* 
2750  feet.      Barren. 

A  well  sunk  by  Mr  Whiting  at  New  Oregon,  Erie  co.  also  for  Mr  Bichard- 
son,  was  2100  feet  deep.  It  was  flooded  out  by  salt  water  after  passlnsr 
through  the  Corniferous  limestone  at  210O  feet. 

A  well  was  being  drilled  (June  1900)  at  Farmersville,  17  miles  east  of 
Delevan  by  John  McMann. 

'For  farther  accouqt  of  these  wells  see  the  author's  papers  in  reports- 
of  the  New  York  state  geologist  for  1885, 1895  and  1897. 
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The  flow  of  a  third  well  on  the  Bates  farm  was  not  measared, 
but  was  estimated  at  a  million  feet  a  day.  In  this 'the  gas  wa« 
found  about  100  feet  below  the  base  of  the  Marcellas  in  the  water- 
lime  at  the  base  of  the  Corniferous.  \  fourth  well,  1800  feet 
deep,  sunli:  only  250  feet  from  the  first,  furnished  only  enough 
gas  for  two  stoves.  Early  in  1899  Gaenssler  &  Fisher  bored 
another  well  not  fai-  from  the  first,  the  pressure  in  which  is  said 
:to  be  from  GOO  to  750  iH>unde  and  the  flow  of  which  is  estimated  as 
^  10,000,000  to  12,000,000  feet  in  24  hours.  The  gas  horizon  is 
;^^41loagbt  to  be  the  base  of  the  Corniferous  limestone. 
[_  Gaenasler  &  Fisher's  first  well  supplies  the  beat  and  light  for 
t4he  tannery  and  glue  factory,  the  supply  of  gas  amounting  in 
inarch  1899  to  9,000,000  cubic  feet.  The  second  well  supplies  the 
^Vijlage  of  Gflwanda  with  fuel  and  lights.  In  March  1899  the 
Oowanda  gaa  co.  had  200  meter  connections  and  sold  2,500,000 
Unbic  feet  of  gas  in  that  month. 

[  Gaenasler  A  Fisher  hare  also  an  artesian  well  198  feet  deep  in 
■^rift,  frotn  which  clear  water  flows  five  feet  above  the  top  of  an 
«ight  inch  pipe. 

On  the  Erie  county  eide  of  the  creek  two  new  wells  have  been 
■drilled,  and  the  old  Trunk  well  has  been  cleaned  out  and  deepened. 
X)f  the  latter  it  is  reported  that  it  contained  oil  in  greater  or  less 
-fiuantity.  The  well  on  the  Snow  lot  had  an  unprofitable  show  of 
gas.  Michael  Mclntyre  furnishes  the  following  record  of  the 
3IcMillan  well  near  the  cemetery. 


iB£^ 

McMillan,  icell 

^^^ 

Feet 

Fe*t 

.Drift 

20        ICornlferons,  1S5  to  IDO  (e 

t  thick) 

Casing 

196      Show  of  oil 

at  1600 

Small  allow  of 

gas 

at  615     Top  of  Niagara 

at  1680 

Second  gas 

at  1110      Total  deptb 

1720 

Top  of  Corniferous 

at  1410 

Two  other  wells  hare  been  sunk  on  the  Cattaraugus  county 
side  within  a  half  mile  of  the  tanner}-.  One  of  them  was  barren, 
and  the  other  is,  at  date,  unfinished. 
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At  Versailles,  in  Cattaraugus  county,   about   6   miles   below 

Gowanda,  three  or  four  wells  have  been  sunk  without  finding 

much  gas.    The  following  records  are  furnished  by  the  contrac- 

tor,  J.  W.  Sterns. 

Yersailles  tcell  no.  1 


Feet 

Feet 

To  rock 

15 

Bottom  of   Corniferous,  at 

Casing 

185 

about 

1275 

Top  of  Corniferoiis 

at  1075 

Total  depth 

138S 

A  small  flow  of  gas  was  found  at  190  feet  in  shale. 


Yersailles  icell  no.  2 


Feet 

Feet 

42 

Top  of  Corniferous 

at  1241 

199 

Total  depth 

154a 

To  rock 
Casing 

A  small  amount  of  gas  was  found  at  940  feet  in  shale. 

Two  wells  have  been  drilled  in  Perrysburg.  One  was  barren, 
the  other  showed  a  little  gas.  One  or  two  barren  wells  have 
been  drilled  between  Zoar  and  Springville.  I  have  not  con- 
tinued the  field  work  in  Cattaraugus  county  outside  of  the 
Cattaraugus  creek  valley.  The  following  information  has  been, 
obtained  from  various  sources. 

Wells  have  been  sunk  at  South  Dayton  and  at  Thornton,  but 
have  not  been  investigated.  A  deep  well  was  bored  during  the 
summer  of  1899  near  Hinsdale.  This  was  practically  barren^ 
though  bored  to  the  depth  of  1200  feet  or  more.  A  small  oil  pool 
was  developed  during  1899  south  of  Olean  on  the  opposite 
side  of  the  river.  In  the  Cattaraugus  oil  field  drilling  has^ 
been  very  active,  being  stimulated  by  the  high  price  of  oil. 
Drilling  to  the  south  and  west  has  extended  the  known 
limits  of  the  Chipmunk  field  so  as  to  connect  it,  in  all  probability^ 
with  the  outlying  pools  on  Luna  creek,  north  of  limestone.  The 
field  has  also  been  extended  slightly  to  the  southeast. 

In  the  Red  House  gas  field  the  pressure  has  fallen  so  that  in 
August  1899  it  was  barely  20  pounds  to  the  square  inch. 

During  1899  several  wells  were  drilled  in  the  immediate  vi- 
cinity of  Olean  but  without  finding  pay  oil  or  gas.    Rudolph  Dot- 


Feet 

Bottom  sand 

at  945 

Shale  (?) 

to  963 

Sand 

963  to  964 

Bradford  sand  (?) 

at  aboTjt  1050 
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terweich  has  puft  down  two  wells  between  Second  and  Third 
streets  near  the  river  within  the  city  limits,  and  a  third  across, 
the  river  on  the  Finn  farm.  No  accurate  record  of  these  have* 
been  kept.  Mr  Dotterweich  informs  me  that  the  Finn  well 
record  was: 

Feet 

Stray  sand  with  show  of  oil  at  385 
Second  stray  sand  with  show 

of  oil  '  at  685 

Sand  with  about  1  barrel  of 

oil  a  day  at  925 

A  small  show  of  oil  was  also  noticed  between  500  and  600  feet 
in  a  sand  supposed  to  be  Chipmunk. 

The  wells  between  Second  and  Third  streets  furnished  a  small 
quantity  of  oil  estimated  at  less  than  a  barrel  each  a  day. 

In  another  well  owned  by  Dotterweich  &  Seaman,  on  the  Sea- 
man  farm  at  South  Clean,  a  white  pebble  sand  80  feet  thick  was 
found  at  805  feet  from  which  gas  having  a  pressure  of  50  pounds 
was  obtained.  The  Bradford  sand  was  found  in  this  well  at 
1417  feet. 

W.  R.  Page,  president  of  the  Olean  street  car  co.,  has  a  well 
on  the  Finn  farm  which  produces  about  2  barrels  of  oil  a  week. 
A  second  well  on  lot  4,  Portville  township,  about  1  mile  south- 
east of  Olean,  contained  a  show  of  oil  and  a  trifle  of  gas.  Well 
no.  3  on  lot  1,  section  6,  same  township,  had  a  show  of  oil  and  gas 
from  the  second  sand. 

A.  and  J.  C.  McMurray  were  in  February  1900  sinking  a  well 
near  the  brickyard  in  the  southern  part  of  the  city,  near  the 
river.  At  the  time  of  my  visit,  Feb.  17,  the  drill  had  passed 
through 

Feet 
Sand,  with  some  18  feet  thick 

oil  657 

Salt  water  734 

The  well  is  located  i  mile  north  of  the  Finn  well  on  the  opposite 
side  of  the  river. 

The  city  of  Olean  is  supplied  with  natural  gas  by  the  Keystone 
natural  gas  co.,  which  pipes  gas  here  from  Pennsylvania. 


• 

Feet 

Drift 

288 

Water  case^l  off 

at  315 

Salt  watw  and  a  little  gas 

415 
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As  elsewhere  noted,  East  Olean  is  supplied  from  Ceres  ai       i^ 

vicinity  by  the  Producers  ga^  co.     The  latter  corporation  h^^aij 

650  subscribers  on  its  line,  which  also  supplies  Westons  MiJ^Hlg 

and  Portville.  

Chautauqua  county 

At  Mayville  are  three  old  borings  of  some  extent.    That  kno^s^^^Ti 
as  the  Hershberger  well  was  sunk  17  or  18  years  ago  to  the  dej^-^i 
of  1800  feet,  but  no  gas  was  found.    The  second  or  McCormLci 
well,  1275  feet  deep,  was  located  north  of  the  village.   Gas  wbs 
found  at  1175  feet  with  an  initial  shut-in  pressure  of  190  pounds, 
which  fell  to  100  pounds  in  a  few  days.    The  metered  output  was 
about  9000  cubic  feet  a  day. 

The  third  or  Oolton  well  near  the  junction  of  Erie  and  Water 
streets,  drilled  about  the  same  time  as  the  Hershberger  well,  was 
at  first  900  feet  deep.  In  1899  the  well  was  cleaned  out  and 
drilled  to  the  depth  of  1200  feet,  when  gas  was  found  with  a  pres- 
sure of  450  lb.  ^yhen  bailed  out  for  redrilling/ 3^  barrels  of  fine 
amber  oil  were  taken.  This  must  have  originated  above  the  900 
feet  level. 

July  30,  1899,  a  fourth  well  was  being  drilled  on  the  Van  Cise 
lot,  about  a  quarter  of  a  mile  northwest  of  the  Hershberger  well. 
It  was  then  down  250  feet  in  drift  without  having  touched  bed- 
rock. At  Chautauqua  point  there  is  an  old  boring  which  at  one 
time  furnished  a  small  quantity  of  gas. 

A  boring  was  made  in  the  summer  of  1899  about  one  half  mile 
south  of  the  Western  New  York  and  Pennsylvania  railway  sta- 
tion within  the  village  of  Mayville.  The  contractor,  G.  B.  Keith, 
furnishes  the  following  record. 


Feet 

Feet 

Drift 

220 

Gray  shale                                       100 

Casing 

305 

Brown  shale  with  gas  to  bot- 

Shale 

595 

tom  of   well                         at  1240 

Dark  sand  smelling  of  oil 

20 

The  amount  of  gas  is  not  reported. 

Another  well  here  (no.  1  ?)  has  been  deepened  from  1300  feet 
to  2300  feet,  getting  a  small  vein  of  gas  at  the  latter  depth. 
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Erie  county 

Certain  wells  drilled  near  Gowanda  have  been  described 
[p.  rll5)  under  the  heading,  Cattaraugus  county. 

In  Erie  county  some  new  territory  has  been  developed  and  the 
2apax;ity  of  the  old  fields  slightly  increased  by  the  addition  of 
aew  wells.  At  Alden  one  new  well  1308  feet  deep  was  sunk  in 
the  spring  of  1899  and  proved  to  be  the  largest  producer  of  that 
^OKp.  The  Alden  natural  gas  and  fuel  co.  now  has  120  meters 
on  its  lines.    The  gas  pressure  keeps  up.^ 

More  wells  are  being  drilled  with  the  purpose,  it  is  said,  of 
supplying  Lancaster  with  gas,  a  franchise  for  this  privilege  hav- 

9 

ing  been  asked. 

-  Since  my  last  report  A.  J.  Richardson  has  drilled  11  wells  be- 
tween East  Aurora  and  Orchard  Park.  Of  these  only  six  have 
been  producers  and  they  are  small.  The  gas  occurs  in  the 
white  Medina  or  quartzose  sandstone.  One  well  on  the  Petrie 
farm  had  some  additional  gas  in  the  red  Medina.  Brine  was 
found  in  all  at  the  top  of  the  Niagara  limestone.  The  product 
is  piped  to  East  Aurora  and  Orchard  Park,  supplying  160  meters 
in  the  former  and  53  in  the  latter;  1,083,400  cubic  feet  were  used 
in  East  Aurora  alone  in  March  1899.  The  supply  is  hardly  suffi-' 
cient  to  meet  the  present  demand,  and  the  mains  are  now  taking 
g^  from  the  Standard  pipe  line. 

At  North  Collins  are  three  wells,  two  of  which  have  produced 
Bt  small  quantity  of  gas.  This  has  been  piped  to  the  town  and 
Supplies  a  limited  number  of  taps.  The  original  supply  of  gas 
has  decreased  so  that  a  part  of  the  service  has  been  discontinued. 

At  the  State  homeopathic  hospital,  Collins,  a  well  was  sunk 
about  1898  to  the  depth  of  400  feet  without  getting  through  the 
drift.  Water  was  obtained  in  large  quantity.  Later  another  well 
■was  drilled  for  the  purpose  of  obtaining  gas  and  oil.  The  fol- 
lowing record  was  furnished  by  George  Neher,  of  Orchard  Park. 
^  — — — ^— » 

-  *The  Buffalo  evening  news  of  Nov.  22, 1899,  through  its  Alden  correspon- 
dent, reports  that  the  Alden  natural  gas  and  fuel  co.  is  laying  a  two  inch 
pipe  line  to  Akron  to  help  out  the  gas  supply  there.  The  same  authority 
«tfttes  that  a  franchise  has  been  granted  this  company  for  piping  the  vll* 
lage  of  Lancaster. 
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Collins  well 

Feet 

to    1^ 

Light  colored  slate 

500 

Black  slate 

150 

Shale  (?)  and  sand 

125 

Well  was  drilled 

Fe 

to 


0 

to  11^30 


Drift 
Blue  slate 
Light  colored  slate 
Black  slate 

Gas  was  found  at  the  depth  of  1106  feet,  with  a  pressure  of  3^S0 
pounds.    The  horizon  appears  to  be  a/bout  that  of  the  Encrin^E^] 
limestone  of  the  Hamilton  group.      The  same  horizon  furnish  ^s 
a  small  amount  of  gas  in  other  borings  in  E'rie  county. 

The  supply  of  gas  was  estimated  by  the  driller  at  the  start  "to 
be  about  650,000  cubic  feet  a  day. 

The  supply  has  now  fallen  off  to  about  one  fourth  of  ttiis- 
amount,  and  is  insuflScient  for  the  boilers,  but  is  used  in  tlie 
ranges,  etc.  It  is  purposed  to  drill  another  well  near  the  build- 
ings. 

In  the  vicinity  of  Zoar  and  Springville  slight  additions  to  tlio 
gas  territory  have  been  made. 

The  Springville  natural  gas  co.  has  drilled  two  wells,  botli 
in  the  Zoar  district.  One  on  the  Tallman  farm,  on  the  left  banli 
of  the  creek,  was  barren.  The  other,  located  between  the  Fry 
and  Elmer  White  wells  (see  map  in  author's  pax>eir,  Rep't  stat^ 
geol.  1895)  struck  a  good  flow  of  gas  in  the  waterline  at  the  baa^^ 
of  the  Corniferous.  M.  Mclntyre  informs  me  that  the  roci 
pressure  was  400  pounds  with  an  estimated  daily  production  (P'' 
2,000,000  cubic  feet  a  day. 

B.  F.  Whiting,  of  Springville,  completed  a  barren  well  in  Ma^ 
1900.    The  location  was  on  the  Harvey  farm  5  miles  east  of  th^^^ 
village.    The  Corniferous  limestone  was  found  at  about  200C^^ 
feet  and  had  a  thickness  of  200  feet.    Tota\^  depth  of  well  2S0C^, 
feet. 

Michael  Mclntyre  furnishes  the  following  record  of  a  wel^^^ 
known  as  tlie  "  Boro  "  well,  drilled  in  1899  on  the  Johnson  tsivrc:::^^ 
IJ  miles  northeast  of  Collins  station  and  3  miles  northwest  o' 
Collins  Center. 


i 
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- 

"  Boro 

"  well 

/ 

Feet 

Feet 

Tift 

77 

Top  of  Corniferous 

at  1282 

aalng 

176 

Second  gas 

at  1465 

bale  gas 

nearly  enough  for 

Depth  of  well 

1548 

1)QUer 

at  190 

• 

The  flow  of  gas  is  estimated  at  40,000  to  50,000  cubic  feet  per 
ay  and  is  not  utilized.  The  gas  horizon  ie  at  the  base  of  the 
orniferouB. 

At  North  Collins  two  attempts  have  been  made  to  supply  the 
llage  with  gas.  The  first  company  in  the  field  drilled  three 
alls.  No.  1  at  the  start  gave  a  large  flow  of  gas,  which  soon 
opped  to  less  than  one  fourth  the  original  amount.  Well  no.  2 
id  a  smaller  amount,  and  no.  3  was  nearly  barren.  Informa- 
>xi  regarding  the  output  of  gas  was  refused  by  one  officer  of 
e  company,  but  another  told  me  that  the  wells  supplied  the 
.tiivalent  of  60  families.  Inquiry  among  consumers  showed 
at  the  supply  was  barely  equal  to  requirements  in  very  cold 
eather. 

In  these  wells  the  Corniferous  is  reported  to  occur  at  1050  feet 
XA  to  be  from  150  to  200  feet  thick.  The  gas  horizon  is  said  to 
i  at  the  base  of  the  Corniferous. 

The  Blaisdell  oil  and  gas  co.  of  North  Collins  put  down  a  test 
ell  in  1899  about  80  rods  east  of  the  railroad  crossing.  It  was 
250  feet  deep  and  barren. 

At  Depew  four  new  wells  have  been  added  to  the  two  original" 
orings  with  the  purpose  of  increasing  the  supply  but  with  in- 
ifferent  success.  The  borings  range  from  1685  to  1700  feet  and 
nd  a  small  supply  of  gas,  not  in  the  white  Medina,  as  is  usual 
I  ttiia  vicinity,  but  in  the  Medina  shale  at  about  1685  feet.  The 
as  is  piped  to  Depew  and  supplies,  according  to  the  superin- 
pndent,  D.  M.  Dittman,  55  taps  and  25  street  lamps.  The  supply 
f  gas  ifi  barely  sufficient  for  the  present  consumers. 

Oenesee  county 

In  Genesee  county  very  little  has  been  done  within  the  past 
Wo  years.    The  Corfu  gas  co.  drilled  an  additional  well  in  the 
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fiummer  of  1897,  and  another  in  the  year  following.  The  prodiza^c- 
tion  of  these  is  not  stated,  but  they  are  reported  as  "  doing  nicely 
and  as  good  in  August  1899  as  when  drilled  ".  The  Corfu  we  Us 
are  fair  producers.  A  well  is  being  sunk  at  Darien  by  perso:»s 
in  Attica  and  was  down  1300  feet  Nov.  27,  1899. 

Livingston  county 

In  the  vicinity  of  Caledonia  the  field  has  been  enlarged  by  S.^e 
new  wells,  making  a  total  of  eight.  The  new  borings  prodixce 
from  1000  to  10,000  cubic  feet  a  day.  J.  C.  Tennant,  of  tlie 
Caledonia  natural  gas  co.,  reports  that  its  pipe  line  supplies  S6 
consumers,  including  the  village  lighting  and  waterworks.  Five 
gas  engines  together  develop  120  horse  power,  which  run  flour 
mills,  elevators  and  pumps  for  the  waterworks.  The  price  is 
40c  a  thousand  feet. 

A  small  field  has  also  been  developed  about  four  or  five  miles 
south  of  Caledonia.  Gas  is  found  in  the  Marcellus  shale  at  its 
junction  with  the  Corniferous  limestone.  The  wells  are  from 
60  to  70  feet  deep  and  produce  from  1000  to  3000  cubic  feet  a 
day.    The  rock  here  is  said  to  be  saturated  with  oil. 

Mr  Tennent  also  reports  that  the  company  has  recently  drilled 
a  well  for  gas  150  yards  southwest  of  the  Retsof  salt  sha:^ 
at  Greigsville  (N.  Y.)  The  record  of  the  shaft  has  been  pul 
lished  and  therefore  ifi  not  given  here.  The  record  from  the  bot 
torn  of  the  salt  at  1140  feet  to  the  top  of  the  Niagara  follows. 

Greigsv^llle  icell 


Feet 

Shale  with  Interbedded  lime- 
stone 140 
Niagara  limestone                    at  1280 
Bottom      of      Niagara    lime- 
stone                                      at  14S5 

(Upper  and    lower  parts  of  Niagara 
are  soft) 


Fee 
Clinton  shales  and  limestone    11 

Medina  sandstone  1625  to  17^ 

[First   10   or    15   feet  white 

solid] 

Red   shale  1746  to  IJ 

Bottom   of   wen  atlSOC^^ 


The  upper  half  of  the  Medina  sandstone  was  of  poor  quality, 
Jbeing  mixed  with  blue  and  green  shales.    The  lower  half  w 
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■olid  and  firm,  ending  in  abont  five  feet  of  pure  sand.  This  i» 
probably  the  most  easterly  point  at  which  the  quartzose  op 
white  Meddna  haa  been  found.  The  well  was  barren  of  gas; 
bilt  a  black  sulphur  water  was  found  at  1315  feet  in  the  Niagara 
limestone,  where  sulphur  gas  usually  occurs.  The  record  is  spe- 
Jially  interesting  for  the  reason  that  this  is  the  only  well  in  the 
alt  district  which  has  gone  below  the  bottom  of  the  Salina. 


Onondaga  county 

Since  January  18&8,  several  wells  have  been  bored  in  the  vicin- 
fcy  of  Syracuse,  concerning  which  Charles  Loccard,  manager  of 
he  Empire  portland  cement  co.,  has  furnished  the  following  in- 
oranation. 

We  drilled  one  well  across  the  road  from  our  factory,  and  got 
_  flow  of  gas  in  the  Trenton  rock  at  a  depth  of  about  2500  feet. 
Phis  giving  out  after  one  winter's  use,  we  drilled  through  to  the 
granite  at  the  depth  of  3600  feet,  but,  as  we  found  no  gas,  the 
veil  was  abandoned.  About  a  mile  west,  on  the  Sherwood 
!arm,  we  then  drove  a  second  well,  which  gave  a  small  flow  of  gas 
n  the  Trenton;  but^  drilling  it  through  to  the  Potsdam  sand- 
rtone^  we  found  a  fair  supply  at  the  depth  of  3580  feet,  which 
^e  are  still  using.  Hoping  to  better  this  well,  it  was  shot  with 
JOO  quarts  of  nitroglycerin,  but  the  flow  was  not  increased. 

The  third  well  drilled  was  on  the  Franklin  farm  about  three 
lourths  of  a  mile  west  of  the  Sherwood  well,  finding  gas  in  the 
rrenton  with  an  initial  pressure  of  1500  pounds  a  square  inch.  The 
)reBSure  rapidly  fell,  however,  after  we  began  using  the  gas.  We 
ire  now  utilizing  the  gas  from  these  two  wells  in  offices  and  in 
:he  boiler  house. 

Though  we  can  not  state  how  many  cubic  feet  of  gas  the  wells 
ire  producing,  we  do  not  consider  them  paying  investments,  and 
lave  consequently  given  up  explorations.  The  wells  in  this 
vicinity  have  a  high  initial  pressure  but  small  volume.  If  we 
rtop  using  our  wells  they  soon  show  a  high  pressure,  which  on 
ising  decreases  very  rapidly. 

An  attempt  to  confine  the  gas  in  the  Franklin  well  at  first  re- 
mlted  in  blowing  out  1300  feet  of  casing.  In  the  Sherwood  well 
he  Trenton  limestone  was  900  feet  thick  and  the  Potsdam  sand- 
stone  75. 
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At  the  time  of  my  visit  July  1,  1899,  the  assistant  superintend- 
ent of  the  cement  company  estimated  the  fuel  value  of  the  gas 
used  at  the  works  as  equivalent  to  four  or  five  tone  of  coal  a 
day. 

The  following  record  of  the  Snow  well  near  Memphis  was 
furnished  by  the  driller,  H.  M.  Crawford. 


Feet 
Shale  800 

Niagara  (?)  limestone        100  to   400 
Shale  to  Medina  sand- 
stone 500  to   900 


Feet 
Medina  1300  to  2200 

Black  (Utica?)  shale  to 

Trenton  400  to  2600 

Best  gas  horizon  at  2700 


Enough  gas  to  run  the  boiler  was  found  in  the  Medina.  Total 
confined  gas  pressure,  1200  lb. 

The  Jordan,  Elbridge  and  Skaneateles  heat  and  light  co.,  of  Jor- 
dan, has  bored  three  wells  between  Memphis  and  Jordan.  Well 
no.  1  was  3100  feet  deep.  Medina  was  found  at  a  depth  of  900  feet 
with  confined  gas  pressure  of  825  pounds.  Well  no.  2,  near  Mem- 
phis, gave  a  flow  of  100,000  feet  of  gas  a  day  in  the  Medina  and  pay 
gas  90  feet  below  top  of  Trenton.  The  following  record  of  well 
no.  3  was  furnished  by  the  superintendent,  G.  E.  Southard. 


Feet 
Drift  60 

Red  and  blue  shale  and  lime- 
stone shells  to  top  of  the 
Medina  at   885 

Bottom  of  Medina  at  2235 

Hard  limestone  shells  and 
sand  100  to  2335 


Feet 
Blacl£  (Utica?)  shale  to  top  of 

Trenton  at  2585 
Heavy  flow  of  gas  soon  ex- 
hausted at  2675 
Pay  gas  at  2905 
Bottom  of  well  3068 


At  present  (Nov.  1,  1899)  the  company  is  supplying  150  taps, 
the  greater  part  of  the  gas  coming  from  well  no.  2.  Mr  Southard 
reports  that  the  gas  pressure  holds  up  well,  but  that  he  can  tell 
better  about  the  supply  after  some  months'  test.  The  gas  is  now 
piped  to  Jordan  and  Elbridge. 
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Ontario  county 

Becords  from  Walter  Wellman,  Friendship  (N.  Y.) 
In  Ontario  county,  several  wells  hare  been  bored  during 
1898-99.  One  was  drilled  to  the  Medina  and  gave  a  natural  flow 
of  120,000  cubic  feet  in  24  hours,  with  a  confined  rock  pressure 
of  557  pounda  Another  on  the  Curran  Bros/  farm  near  Aliens 
'Hill  gave  no  gas  but  struck  60  feet  of  &oUd  white  salt  at  the  depth 
of  1300  feet.    A  well  was  being  drilled  in  this  field  in  August 

1899. 

Schuyler  county 

The  officials  of  the  Glen  salt  co.,  at  Watkins,  refused  informa- 
tion regarding  their  wells.  From  an  employee  I  learned  that  no 
gas  was  found.     Here  the  salt  is  over  200  feet  thick. 

In  1898  a  well  was  started  in  the  middle  of  the  delta  at  Watkins 
by  another  company  of  which  John  Clute  is  manager.  This  well 
was  sunk  to  the  depth  of  1100  feet  without  reaching  the  bottom 
4)t  the  drift  and  was  abandoned.  The  same  company  was  in 
August  1899  drilling  another  well  on  the  west  side  of  the  out- 
let near  the  Northern  central  railroad  depot.  At  the  time  of  my 
Tisit  in  August  it  was  down  800  feet  in  rock. 

A  third  well  m  being  drilled  by  Daniel  -Campbell,  on  the  eastern 
«ide  of  the  delta.    The  facts  furnished  bv  him  are  as  follows. 

ft/ 

The  well  was  started  near  bed  rock. 

Feet 


Feet 

Soft  limestone  40  feet  thick    at  210 
Shale  to  1230 

Ximestone    and     sand 

with  pyrite  20  to  1250 

•Black  lower  MarceUus  at  1310 


Sand    and    lime  mixed 

240  feet  thicli  to  1680 

Slate  15  feet  thick  to  1695 

Limestone  20  feet  thick  to  1716 


•  In  slate  at  1715  feet  at  time  of  my  visit.  The  sample  at  1310 
feet  had  the  characteristics  of  the  lower  Marcellus,  being  black, 
-oily  and  bituminous.  The  sample  taken  at  1350  feet  was  wliite, 
clean  quartz  sand,  hard  and  compact.  Gas  with  a  pressure  of 
'  100  to  110  pounds  was  found  in  this.  The  sample  taken  at  1440 
feet  wa»  hard  drab  limestone. 

Gag  also  occurs  in  the  well  at  the  sanitarium,  of  which  note 
was  made  in  Petroleum  and  natural  gas  in  western  New  York* 
(See  17th  Eep't  state  geol.  1897;  Slst  Eep't  N.  T.  state  museum) 
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Seneca  county 
At  Seneca  Falls  no  wells  have  been  drilled  since  1897. 

Steuben  county 

The  wells  in  the  southwestern  part  of  Steuben  county^  in  the 
vicinity  of  Greenwood,  have  been  described  (p.  rll2)  with  those 
of  Allegany  county,  as  they  naturally  fall  within  the  Andover 
field,  by  far  the  greater  part  of  which  lies  in  that  county. 

In  the  northern  part  of  Steuben  county  several  test  wells  have 
been  sunk  at  different  times  without  producing  gas  in  commer- 
cially profitable  quantities.  In  the  old  Stony  brook  glen  well 
sunk  near  Dansville,  in  1882^  gas  was  reported  at  295  and  508 
feet  respectively,  yielding  in  1885,  2500  cubic  feet  a  day.^ 

Another  well  near  Dansville,  belonging  to  the  Dansville  oil, 
gas  and  mining  co.,  was  2240  feet  deep.    No  gas  was  reported.^ 

A  well  was  sunk  previous  to  1884  at  Bloods  on  the  Delaware, 
Lackawanna  &  Western  railroad.  It  was  1495  feet  deep  with 
only  a  showing  of  gas.^ 

At  Prattsburg  two  wells  have  been  bored,  one  located  IJ  miles 
southwest  of  the  village  and  the  other  2^  miles  northwest. 
Charles  H.  Early  furnishes  the  following  facts. 


Well  on  Merritt  farm  IJ  miles  from  Prattsburg 

Feet 


Soil  40  feet  thick 

Shale  4  feet  thick 

Gray-blue  sandstone  (?)  with 
occasional  hard  places        to     60 

Red  or  brown  stone  at     60 

Gas  sand,  8  feet  thick  fol- 
lowed by  salt  water  280 


Feet 


followed  by  salt  water 

Gray  rocli  to  second  sand  at   720 

Second  sand  10 

Third  sand,  25  feet  thick  at  1067 

Black  shale  to  180O 


The  third  sa'nd  was  close,  highly  impregnated  with  petroleum* 

J.  G.  Arnold,  an  officer  of  the  company,  reports  enough  gas  in 

the  first  sand  to  run  the  engine.    A  smaller  flow  was  found  in  the 


*/Sfce  Bishop.    Salt  fields  of  western  New  York.    Rep't  state  geol.  1885» 
•/8fce  Chart  of  salt  well  and  shaft  sections  in  New  York  state  mus.  bul. 
11.    Ap.  18G3, 
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second  sand,  while  the  third  sand  had  a  little  amber  oil,  which 
accnmnlated  to  the  amount  of  about  a  barrel  in  four  or  five  days. 

Well  no.  2  was  1200  feet  deep. 

At  the  Pleasant  Valley  wine  cellars^  Rheims,  one  deep  and  two 
shallow  wells  have  been  sunk  for  water.  The  deep  well  was 
drilled  to  the  depth  of  2000  feet  but  furnished  barely  enough  gas 
to  bom.    The  record  is  lost. 

A  test  well  wae  sunk  on  the  Smith  farm  half  a  mile  south  of 
Bath  in  the  summer  of  1882.  This  well  is  said  by  Ashburner^  to 
have  been  2050  feet  deep.  Jacob  Rauber,  of  Wellsville,  reports 
it  to  have  been  2012  feet  deep.  Little  gae  was  found.  During 
the  past  year  (1899)  a  large  area  of  land  near  Bath  has  been 
leased,  on  which  other  wells  will  be  drilled. 

At  Lavona  a  deep  boring  was  made  in  1898-99,  which  appears 
to  have  passed  below  the  top  of  Corniferous  limestone.  Vincent 
&  Btorms  of  AUentown  (N.  Y.)  have  furniehed  the  following. 


Lavona  well 

Feet 


Shales  and  thin  sand- 
stone to  1527 

Brown  sandstone  with 
gas  enough  for  the 
boUer  1527  to  1944 


Feet 


Brown  sheU  10  feet  thick 

Flint  SheU,  6  or  8  feet  at  2460 

Black  shale,  Marcellus 

(?)  40  feet  to  2862 

Corniferous  limestone  (?)       at 2862 


Hard  flint  sand  at  1044  I  Total  depth  3005 

The  last  two  screws  were  white  sand  in  which  brine  occurred, 
filling  the  hole  and  running  over  the  top. 

It  is  probable  that  the  white  sand  was  the  Oriskany  and  that 
the  148  feet  immediately  above  belonged  in  the  Helderberg — 
Corniferous  group. 

A  little  gas  was  found  at  120  feet  before  the  casing  was  put 
in,  bnt  none  was  found  afterward. 

lA  well  was  being  drilled  at  Harvard  by  J.  Rauber,  of  Wells- 
Tille,  in^Angust  1899. 

Tte  Corning  fuel  and  heating  co.,  F.  D.  Kingsbury,  president, 
droye  a  well  near  Corning  in  the  latter  part  of  1899.    The  drillers 

*^Aaitbttmer,    Petroleum  and  natural  gas  in  New  York.    1882.    p.  M. 
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were  Vincent  &  Storms,  of  Allentown  (N.  Y.)    J.  A,  Vincent  fur- 
nished the  following  record. 


F 

eet 

Feet 

Gas 

180 

Brown  shale 

12  to  2402 

Casing 

228 

Flint  and  lime 

320      2812 

(?) 

1071  to  1229 

White  slate 

40      2852 

Shale 

22 

1527 

Biack  shale 

10      2862 

Brown  shale 

11 

1538 

Flint,  very  hard 

130 

Brown  sand 

402 

1940 

(Corniferous) 

2902 

Brown  shale 

S 

1948 

Lime  and  white  sand 

8      3000 

Flint 

532 

2480 

Fe«t 

Shale  40  feet 

to  1130 

Sand  with  gas 

114S 

The  drill  stopped  in  very  white  sand. 

At  about  2992  the  drill  encountered  a  white  sandstone  which 
is  probably  the  Oriskany.  Salt  water  entered  and  filled  the  hole 
to  the  depth  of  900  feet  and  stopped  farther  drilling.  No  gas 
worth  utilizing  was  encountered  anywhere  in  the  well. 

The  Page  &  Darrin  well  is  located  on  lot  19,  Smith  &  Bost- 
wick  purchase,  nearly  in  the  center  of  Erwin  township  between 
Addison  and  Corning. 

Page  d  Darrin  well 

Elevation  of  well  mouth  1112  feet  A.  T. 
Record  from  D.  M.  Darrin,  of  Addison. 

Feet 
Sand  4  feet  thick  with  a  little 

gas  at  1086 

Of  the  last,  11  feet  was  gray  gas-sand. 

At  the  start  this  well  by  the  Pitot  tube  test  indicated  a  volume 
of  210,000  cubic  feet  a  day.  10  days  after  opening,  the  gage 
showed  a  pressure  of  110  pounds. 

In  the  vicinity  of  Hornellsville  five  wells  have  been  drilled  to 
the  same  geologic  horizon.  Three  of  these,  known  respectively 
as  the  Richardson,  Hart,  and  Big  Creek  wells,  were  1500  feet 
deep.  The  fourth,  known  as  the  Terry  well,  was  located  on 
higher  ground  and  had  a  total  depth  of  2200  feet.  William  Rich- 
ardson,  of  Hornellsville,  furnishes  the  following  facts  about  his 
well.  "  At  a  depth  of  700  feet  we  struck  a  good  vein  of  gas  and 
at  1250  another  of  about  the  same  amount  and  quality.  No  ad- 
ditional gas  was  found  down  to  1506  feet.  An  expert,  testing 
the  well  about  a  week  after  we  finished  it,  found  that  it  flowed 
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about  a  million  feet  in  201ioiirs,  but  this  soon  fell  to  about  300 
feet  a  day,  which  has  continued  up  to  the  present."  ^ 

The  Hart  well,  southeast  of  the  village  near  the  glove  factory, 
had  a  similar  supply  of  gas  at  approximately  the  same  depth. 
The  Big  Creek  well  furnished  only  enough  to.  supply  a  farm 
house.  The  deep  Terry  well  was  barren.  The  well  at  the  sani- 
tarium had  a  small  flow  of  gas  which  was  quickly  drowned  out 
by  water. 

At  Ganisteo  and  southward  along  Bennetts  creek  and  its  tribu- 
taries several  borings  have  been  made  within  the  past  20  years. 
Of  these  no  authentic  records  remain.  From  drillers  and  others 
data  have  been  collected  which,  though  not  accurate^  possess 
some  historic  value  in  that  they  comprise  what  is  now  remem- 
bered of  these  borings.  Michael  Lynch,  driller  and  contractor,  of 
Andover  (N.  Y.)  furnishes  from  memory  the  following  record  of 
the  well  drilled  on  the  D.  C.  Thomas  farm,  Canisteo,  about  1893. 

Feet 

First  sand  at  about  300 

SecoDd  at   500 


Feet 
Third  at    600 

Fourth  Scand  (held  oil)  at   800 


The  oil,  a  sample  of  which  is  still  preserved,  is  nearly  white 
and  of  such  a  quality  that  it  could  be  burned  in  the  street  lamps. 
The  output  was  estimated  at  half  a  barrel  a  day. 

The  well  at  Purdy  creek,  about  half  a  mile  south  of  Canisteo 
gave,  according  to  Mr  Lynch : 

Feet  I  Fe«t 

Gas  and  a  Mttle  oil  at  800  |  Total  depth  of  well  1300 

This  gas  supplied  eight  or  ten  stoves. 

A  well  at  Hartsville  shows  some  oil  and  a  fair  supply  of  gas. 

Two  wells  on  the  Bassett  farm,  4  miles  south  of  Canisteo,  sup- 
plied thirty  or  forty  subscribers,  but  gave  out  after  two  or  three 
months.  In  one  well  a  pocket  of  gas  was  found  at  500  feet, 
which  blew  the  tools  from  the  well.  A  second  streak  of  gas  was 
fonnd  at  700  feet.    The  well  was  finished  at  735  feet. 

At  Bock  Run,  between  Canisteo  and  Hornellsville^  there  are 
'  ieveral  wells  reported  to  be  about  1300  feet  deep,  at  which  depth 
enough  gas  was  found  to  run  the  boiler. 

*AjQg,  17,  1890.    The  Richardson  well  was  piped  to^  several  houses,  sup* 
a  moderate  amount  for  five  or  six  months. 
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The  standard  oil  co.  drilled  a  well  at  Cameron  Mills  about 
18S0  which  at  first  gave  a  fair  volume  of  gas  but  soon  gave  only 
enough  for  one  house. 

At  Wileysville,  in  the  southwestern  part  of  the  county,  is  a 
well  of  which  Mr  Lynch  furnishes  the  following  record. 


Fe€t 

First  sand  with  a  little  gas    at   600 
Second  sand,  brown,  35  feet 

thick  at  1000 


Feet 
Third  sand,  brown,  100  feet 

thick  at  1300 

Total  depth  2010 


Near  Spring  Mills,  a  short  distance  westward  in  Allegany 
county,  a  well  was  drilled  to  a  depth  of  1635  feet^  about  the  year 
1893,  and  furnished  gas  enough  for  one  stove. 

J.  W.  Darrin  of  Addison,  furnishes  the  following. 

Two  wells  have  been  bored  at  Rexville,  one  1635  feet  and  the 
other  1181  feet  deep.    A  little  gas  and  about  half  a  barrel  of  oil 
a  day  were  found  in  both.    In  well  no.  2  the  gas  and  oil  horizoik 
was  reached  at  1110  feet. 

At  Troupsburg,  on  lot  82,  2  miles  from  the  state  line,  is  a  well 
of  which  the  following  is  a  record. 


Troupsburg  icell 


Drift 

Grrfy  sand,  20  feet 

Shale  and  salt  water 


Feet 
70 

at   240 

at   260 


Gray  sand    giving    good  gas 

for  two  days 
Gray  sand 
Drill  stopped  4  feet  in  sand 


Feet 

506 
628 
G32 


The  gas  pressure  rose  to  200  pounds  in  4^  minutes,  the  maxi- 
mum pressure  reaching  250  pounds. 

A  boring  known  as  the  Dodge  well  was  made  in  1891  near  the 
south  line  of  Hornby  township  at  an  elevation  of  1191  A.  T.  A 
brown  sand  20  feet  thick  was  found  at  1528  feet.  Gas  from  this 
sand  burned  20  feet  above  the  top  of  the  well. 

A  well  was  being  drilled  Aug.  1, 1899,  on  lot  9,  Campbell  town- 
ship.   At  that  time  it  had  passed  through : 

Feet 
230 


Drift 
Chocolate  sand 


Feet 

5 

at   115 


Gray  sand 


The  drill  had  sunk  to  2800  feet  without  finding  gas. 
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Tioga  county 

Jacob  Baiiber,  of  Wellsville,  states  that  a  well  was  put  down 
«t  West  Candor  about  12  years  ago.  It  was  1200  feet  deep  and 
ftiarren. 

Wayne  county 

2  miles  south  of  Lyons  a  w^ell  was  begun  Mar.  9,  1899,  and 
completed  early  in  the  spring.  No  complete  record  of  the  well 
2ias  been  obtained  but  the  following  facts  were  furnished  by  J.  W. 
steams,  the  contractor,  and  by  Dr  Veeder,  of  Lyons. 


Feet 

Drift  30 

Bed  and  blue  marlytes           to  262 

Cased  off  flowing  brine           at  262 

Lower  red  shale  at  about  400 

Top  of  Niagara  (?)  at 

about                               480  or  500 


Feet 
Sulphur  gas  in  Niagara         at   540 

Red  Medina  at  960  or  980 

Oswego  sand  at  2082 

Well       completed       in 

black  (Utica?)   slate  at  2340 


This  record  is  approximately  correct.    No  gas  of  value  was 

found. 

Wyoming  county 

The  Attica  field  has  been  enlarged  by  the  addition  of  several 
new  wells.  C.  B.  &  L.  Benedict  have  now  five  wells  and  are 
supplying  75  taps.  F.  C.  Stevens  has  increased  the  number  of 
hi«  wells  to  nine,  all  within  a  radius  of  a  mile,  and  is  now  at 
work  on  the  tenth.     The  wells  are  at  present  supplying  275  taps. 

•At  Bliss  a  well  at  one  time  furnished  quite  a  supply  of  gas 
and  iB  still  reported  as  producing.  The  following  record  occurs 
in  BuUetin  of  N.  Y.  state  museum,  1893,  v.  3,  no.  1. 

Bliss  well 

R.   D.   WHITE 

Altitude  of  well  1729  A.  T. 


Feet 

Soil                                             at  55 

Ftnt  gas  sand                  580  to  G20 

Bock     '  525 

Second  gas  and  oil  sand  100 

Sbale  and  black  rock  400 

ThM  gas  sand  14 


Feet 
Black  and  white  sliale  286 

Flint  (Corniferous?)  100 

Lime  rock  and  flint,  solid  800 

Salt,  very  fine  56 

Lime  rock,  solid,  to  bottom  at  2056 
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Yates  county 

Two  borings  have  been  made  at  Penn  Yan  near  the  outlet  of 
Lake  Keuka.  John  T.  Andrews  furnished  the  following  memo- 
randa of  a  well  drilled  for  him  about  1893.  It  was  started  on  the 
Genesee  shale  a  short  distance  above  the  Tully  limestone. 


Feet 
First  layer  of  salt  90  feet  thick 

at  1200 

Then  shales 


Feet 


Second  layer  of  salt  35  feet 

thick 
Depth  of  well  2053 


The  well  furnished  gas  but  not  enough  to  utilize. 

At  the  Fox  and  Curtis  mill  another  boring,  400  feet  deep,  fur- 
nished enough  gas  to  run  the  mill  for  several  months  and  still 
yields  enough  to  heat  one  or  two  houses. 

Two  miles  from  the  lake  outlet  Mr  May  has  sunk  a  receiver 
over  a  vent  in  the  bottom  of  the  canal,  from  which  he  has  ob- 
tained, for  several  years^  surface  gas  enough  for  his  kitchen 
range. 

At  Dundee  a  boring,  of  which  I  was  unable  to  obtain  a  record, 
was  made  several  years  ago  and  is  said  to  have  passed  through 
salt.i 

The  accompanying  map,  showing  the  distribution  of  petroleum 
and  natural  gas  in  southern  Allegany  county,  has  been  prepared 
by  Prof.  John  W.  Greenwood,  assistant  teacher  of  science  in 
the  Masten  Park  high  school,  Buffalo,  whose  long  residence  in 
the  petroleum  region  has  specially  fitted  him  for  this  work. 

*For  note  on  the  Dundee  well,  see  Chart  of  salt  well  and  shaft  sections  in 
New  York.    N.  Y.  state  mus.  Bull.  11. 
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Roofing  Slate  Quarries  of  Washington  County 

Most  descriptions  of  this  region  state  that  the  slate  belt  is 
divided  by  the  quarrymen  into  four  parallel  ranges  as  follows: 
East  Whitehall  red  slates,  the  Mettowee,  or  North  Bend  red 
slate,  the  purple,  green  and  variegated  slates  of  Middle  Gran- 
ville, and  the  Granville  red  slates. 

While  this  classification  is  of  assistance  in  studying  the  region, 
it  is  not  descriptive  of  the  present  conditions,  for  the  following 
reasons:  the  East  Whitehall  (Hatch  hill  quarries)  have  been  ex- 
tended southward  till  now,  the  most  important  of  them  are  in 
Granville  township;  the  Mettowee,  or  North  Bend  quarries  are 
at  present  idle,  one  new  opening  being  the  only  active  repre- 
sentative of  this  range;  the  red  slate  quarries  north  of  Granville, 
are  now  idle,  and  several  new  ones  are  operated  intermittently 
south  of  that  village,  and  several  largo  quarries  are  not  included 
in  this  classification. 

At  present  most  of  the  (|uarries  are  located  irregularly  along  a 
north  and  south  line  which  extends  from  the  Hampton  vari- 
colored quarries  on  the  north,  and  includes  the  North  Bend,  the 
Middle  Granville,  the  red  (juarries  north  and  south  of  Granville 
and  the  Slateville  red  and  griM  n  quarri(^s;  \\nn\,  bending  slightly 
westward,  it  extends  through  the  purple  and  green  quarries  of 
Salem,  Shushan  and  Cambridge.  The  East  Whitehall  (Hatch  hill) 
quarries  are  west  of  the  northern  end  of  this  belt.  They  are 
situated  6  miles  southeast  of  Whitehall  and  4  miles  southwest  of 
Hampton  and  are  partly  in  Whitehall.  j)artly  in  Granville  town- 
ships. The  continuation  of  the  red  slate,  south  of  these  quarries, 
can  be  traced,  by  means  of  outcrops  and  openings,  nearly  to  the 
Mettowee  river,  but  no  red  slate  is  exi)osed  in  the  rock  walls  of 
that  stream. 

The  most  northerly  outcrop  of  the  Hatch  hill  red  slate  crosses 
the  Whitehall  road  about  one  half  mile  north  of  the  (juarries, 
where  tw^o  narrow  beds  of  red  slare,  surrounded  by  green,  cross 
the  road  diagonally.     This  point  is  2^  miles  north  of  the  most 
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southerly  exposure.  This  bed  is  not  the  one  that  is  worked  at 
the  Hatch  hill  quarries;  for  the  direction  of  the  strike  of  the  out- 
crop would  carry  this  bed  a  quarter  of  a  mile,  or  more,  west  of 
the  quarries.  The  outcrops  of  red  slate  on  the  road  to  Truthville, 
3  of  a  mile  southwest  of  the  quarries,  are  probably  in  this  bed. 
A  few  small  openings  have  been  made  on  this  stratum  just  north 
of  the  Whitehall  road,  on  the  Van  Falkenbury  farm,  and  have  ex- 
posed of  a  very  fair  quality  of  slate.  The  cleavage  dip^  is  30°  e  15  s. 

The  bed  on  which  the  quarries  are  located  can  be  traced  sev- 
eral hundred  yards  north  of  them.  It  outcrops  in  the  road  and, 
farther  on,  it  appears  in  the  side  of  a  low  hill  for  a  considerable 
distance.  It  is  probably  not  more  than  one  hundred  or  two  hun- 
dred yards  in  width,  though  it  is  impossible  to  estimate  its  width 
with  accuracy.  One  quarry  owner  says  that  the  red  slate  belt 
i?  30  miles  in  length  and  C5  rods  in  width  at  Hatch  hill.  Pos- 
sibly it  ie,  but  there  is  no  evidence  on  the  surface  to  justify  such 
a  statement. 

The  Hatch  hill  quarries  are  located  in  a  slight  depression, 
along  an  approximately  straight  line  f  of  a  mile  in  length,  which 
follows  the  direction  of  the  cleavage  strike  s  8°  w.  Plate  26  is 
a  general  view  of  these  quarries  taken  from  the  north.  The 
continuation  of  the  red  slate  is  below  the  camera  on  the  right; 
in  the  foreground  is  green  slate  overlying  the  red. 

There  are  10  quarry  openings  in  this  group,  only  three  of  which 
were  being  operated  in  the  fall  of  1898.  Beginning  at  the  north- 
ern end,  the  quarries  are  as  follows. 


No. 
1  I.  Herbert 
2 

3  National  red  slate  co. 

4  I.  Herbert 

5  R.  A.  Hall 
G 

7  Flaherty  &  O'Brien 

8  Thorn 

9  New  opening 

10  Baker  red  slate  eo. 


Hatch  hill  quarries 


idle 

40'  square 

(( 

« 

active 

100'  X  65' 

idle 

50'  square 

active 

240'  X  40' 

idle 

GO'  X  50' 

active 

90'  X  60' 

70'  deep 

idle 

50'  X  40' 
10' X    6' 

sidehill 

t( 

40'  X  20' 

^\11  directions  of  dip  and  strike  refer  to  the  magnetic  north. 


;ti 
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The  average  strike  of  the  cleavage  in  the  quarries  is  8°  w, 
being  s  5^  w  in  nos.  1,  3  and  5,  s  7°  w  in  nos.  2,  4,  and  6,  and  s 
X2^  w  in  nos.  7,  8,  9  and  10.  The  dip  varies  from  45°  to 
55(^  e. 

Plate  27  is  a  view  of  quarry  no.  3.    It  is  about  90'  deep,  and  on 

"tlie  west  side  the  cleavage  surface  forme  a  smooth  wall.     The  dip 

is  steeper  at  the  top  than  at  the  bottom,  giving  the  wall  a  concave 

surface.    This  is  due  to  the  slate  being  so  folded  in  the  bottom 

of  the  quarry  that  the  workable  deposit,  which  is  about  2'  in 

thickness,  is  doubled.    This  fold  explains  the  variation  in  the 

dip  and  strike  noticeable  in  the  quarries.     New  machinery  was 

being  installed,  and  this  quarry  was  being  prepared  for  working 

on  an  extensive  scale. 

The  greater  part  of  quarry  no.  5  was  filled  with  water,  which 
was  being  pumped  out,  but  it  was  being  operated  at  the  south 
end  on  the  hillside.  Plate  28  shows  this  part  of  the  quarry  and 
irdicates  the  warped  condition  of  the  cleavage  surfaces,  which 
gives  the  variation  to  the  dip  and  strike.  In  this  quarry  16'  of 
slate  has  to  be  stripped  before  workable  material  is  reached,  as, 
near  the  surface,  the  slate  is  hard,  imperfect  in  cleavage  and 
streaked  with  green.  The  quality  of  the  slate  improves  as 
greater  depth  is  reached. 

The  amount  of  waste  material  in  quarrying  is  enormous.  There 
is  a  great  amount  of  stripping  to  be  done  before  workable  slate 
is  reached,  and  the  blasting  ruins  much  good  material.  In  the 
methods  of  quarrying  employed,  the  waste  rock  must  be  hoisted 
out  of  the  quarry  and  dumped,  as  well  as  the  good  material  and 
this  dead  work  goes  far  to  consume  the  profits  of  the  industry. 

In  the  smaller  quarries  the  hoisting  apparatus  consists  of  a 
small  derrick  operated  by  a  horse  or  by  a  team.  In  the  larger 
quarries  it  is  an  apparatus  designed  for  the  purpose,  which  con- 
sists of  a  stationary,  two  inch  wire  cable,  one  end  of  which  is 
anchored  above  the  (juarry  and  which  inclines  upward  across  the 
quarr}',  parses  over  a  mast  and  is  anchored  in  the  ground.  On 
this  cable  hangs  a  traveler  which  carries  a  sjnialler  hoisting  cable, 
one  end  of  which  is  attached  to  the  winding  drum,  that  is  oper- 
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ated  by  an  engine,  while  the  other  end  cariying  a  hook  reaches 
down  into  the  quarry.  When  the  winding  drum  is  released,  the 
traveler  runs  down  the  cable,  and,  when  it  is  at  the  nearest  point 
1o  the  object  to  be  removed  from  the  quarry,  the  drum  is  stopped 
for  a  moment  and  the  weight  of  the  slack  hoisting  cable,  hang- 
ing between  the  traveler  and  the  mast,  automatically  locks  the 
traveler  on  the  stationary  cable  at  that  point.  Then  the  drum 
is  released  again  and  the  end  of  the  hoisting  cable  descends  into 
the  quarry  and  is  attached  to  the  load  to  be  removed.  A  bell 
wire  runs  from  the  quarry  to  the  engine  house,  so  that  the  move- 
ments of  the  winding  drum  can  be  controlled  by  the  quarrymen. 
The  load  rises  till  it  strikes  a  lever  attached  to  the  traveler, 
which,  when  moved  upward,  releases  the  clamp  that  locks  the 
traveler  to  the  stationary  cable,  and  the  traveler  and  load  move 
up  the  cable  to  the  dumping  point  near  the  mast,  'i he  waste 
rock  is  thrown  on  the  dump,  w^hich  forms  an  enormous  pile  about 
the  mast,  and  the  workable  slate  is  loaded  into  hand  cars  and 
pushed  to  the  trimming  shed,  where  it  is  split  by  hand  into  slabs 
of  the  required  thickness  for  roofing  slates.  These  slabs  aro 
trimmed  to  the  proper  sizes  by  a  foot  powder  machine,  which  con- 
sists of  a  pair  of  revolving  blades  resembling  the  blades  of  a 
lawn  mower.  Another  type  of  trimming  machine  resembles  a 
great  pair  of  shears,  of  which  one  blade  is  stationary  and  the 
other  is  moved  by  foot  power. 

The  slates  are  trimmed  to  certain  definite  sizes,  as  large  a  size 
as  is  possible  being  made  from  each  slab.  S^ince  the  larger 
sizes  are  more  diflScult  to  procure,  they  command  a  much  higher 
price  than  the  smaller  ones. 

In  this  quarry  (no.  5)  the  best  methods  are  employed,  and  be- 
S'des  the  roofing  material  much  mill  stock  is  quarried  for  tiles. 
These  are  cut  at  a  water  power  mill  operated  by  Mr  Hall  at 
Truthville,  2^  miles  south  of  his  quarries,  {see  plate  29)  where  he 
also  grinds  refuse  red  and  green  slate  to  make  the  red  and  olive 
slate  flours,  used  in  the  manufacture  of  oilcloths  and  also  as  pig- 
ments. ,    . 
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■The  output  of  this  quarry  is  from  1200  to  1500  squares  of  roof- 
ing slate  a  year.  The  Truth ville  mill  cuts  from  5000  to  10,000 
square  feet  of  tiles  a  year.  These  are  cut  only  to  order;  hence 
"the  output  is  variable.  Often  much  difficulty  is  experienced  in 
quarrying  slabs  from  which  to  cut  large  tiles.  From  500  to 
8O0  tons  of  slate  flour  are  ground  each  year. 

Plate  30  shows  the  purple  and  green  slate  in  the  gorge  of  the 
Mettowee  river,  in  the  rear  of  the  mill.  No  red  slate  outcrops 
along  this  stream. 

Quarry  no.  7  was  the  only  other  one  on  Hatch  hill  which  was 
operated  in  the  fall  of  1898.  It  is  a  small  opening,  which  follows 
the  cleavage  dip  downward  to  a  depth  of  about  70  feet  and  un- 
covers a  thickness  of  10  feet  of  unusually  fine  slate.  Plate  31 
shows  the  interior  of  this  quarry.  Before  the  photograph  was 
taken  the  workable  slate  was  wetted,  and  consequently  it  ap- 
pears to  be  of  a  darker  color  than  the  overlying  slate,  but  such 
is  not  the  case.  This  quarry  is  operated  by  a  horse  power  wind- 
lass and  employs  but  a  few  hands.  The  output  has  reached  a 
value  of  $250  a  month. 

The  dividing  line  between  Whitehall  and  Granville  townships 
pa.s«es  through  quarry  no.  5,  so  quarries  noe?.  G-10  are  in  the  lat- 
ter township. 

About  a  mile  north  of  these  quarries  is  an  abandoned  opening 
which  exposes  the  only  black  slate  noticed  in  this  region.  It  has 
been  idle  for  several  years^  and  the  exposed  surfaces  show  some 
discoloration  due  to  exposure  to  the  atmosphere.  This  change, 
however,  is  very  uniform,  and  the  slate  shows  an  excellent  grain 
and  cleavage.  It  apparently  lies  between  the  two  red  slate  beds 
(if  the  latter  continue  so  far  north),  and  the  cleavage  dip  and 
strike  correspond  approximately  with  those  of  the  red  slate. 

On  the  road  between  Whitehall  and  Hampton  slate  outcrops  at 
Several  points.  The  strike  of  the  slate  in  this  region  always  con- 
torms  to  the  direction  of  the  long  axis  of  the  hill  of  which  the 
Blate  is  a  part.  It  is  evident  that  the  slate  formation  has  in- 
fluenced the  topography  and  has  caused  the  series  of  oval  hills 
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whose  long  axes  extend  in  various  directions  from  northwest  to 
northeast. 

I  of  a  mile  southwest  of  the  village  of  Hampton  are  located 
the  Potter  quarries.    There  are  two  of  these,  the  larger  of  which 
is  several  hundred  feet  in  length  and  shows  an  enormous  amount 
of  work.     Both  red  and  green  slate  occur  here,  and  the  cleavage 
dips  26°  e  20°  s  and  strikes  s  20°  w.    These  quarries  have  been 
idle  for  some  time. 

1  mile  fiouth-southwest  of  Hampton  are  several  openings  be- 
longing to  H.  H.  Matthews  &  Co.,  of  Boston.  Their  main  quarry 
is  one  of  the  largest  in  the  region  and  produces  red,  unfading 
green  and  purple  slate  of  excellent  quality.  Plate  32  is  a  view  of 
this  quarry,  showing  the  engine  house,  trimming  shed  and  waste 
dumps.  The  methods  of  quarrying  employed  are  the  same  as  in 
the  other  quarries,  but  here  the  work  appears  to  be  better  sys- 
temized  than  at  most  quarries.  The  cleavage  dip  is  30°  e  25°  s 
and  the  strike  s  25°  w.  Several  other  quarries  are  located  west 
and  northwest  of  this  one  (see  plate  32),  some  of  which  are  con- 
trolled by  this  company.    These  are  at  present  idle. 

The  quarry  of  the  Welsh  red  slate  co.  is  about  100  rods  east  of 
the  Matthews  quarry.  This  opening  is  about  100  feet  square 
and  50  feet  deep.  The  dip  and  strike  are  the  same  as  in  the 
Matthews  quarry,  and  the  slate,  which  is  all  red,  is  of  an  excel- 
lent quality.     The  output  is  sold  to  the  Matthews  Co. 

The  other  quarries  in  this  vicinity  are  idle  at  present.  Some 
of  them  are  owned  by  the  Anniflan  slate  co.,  the  Bradley  Co.  and 
Hugh  Williams. 

Southward  from  Hampton  the  other  slate  quarries  are  scat- 
tered for  a  distance  of  15  miles.  The  majority  of  them  are  idle 
and  will  probably  remain  so  indefinitely. 

At  Jamesville,  in  Granville  township,  2  miles  south  of  the 
Hampton  quarries,  Jones  &  Williams  quarry  an  excellent  grade 
of  purple,  green  and  variegated^  slate. 

About  a  mile  north-northwest  of  Raceville  are  the  large  quar- 
ries operated  by  the  National  red  slate  co.^  which  is  a  branch  of 

^The  word,  variegated,  is  used  to  designate  a  mottled  green  and  purple 
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the  Edwards  slate  cc,  of  Granville.  There  are  three  large  open- 
ings, in  the  west  wall  of  which  green  and  banded  green  and  red 
slate  are  exposed,  while  the  east  walls  are  all  in  red.  The  quar- 
ries produce  red  roofing  slate,  and  are  capable  of  meeting  ai- 
I  raost  any  demand  that  may  be  made  on  them.  The  cleavage  dips 
40°  e  5°  s  and  strikes  s  5°  w. 

f  of  a  mile  southwest  of  these  quarries  are  two  small  abandoned 
openings  for  red  slate  on  the  farm  owned  by  Mrs  M.  E.  De  Kalb. 
The  dip  and  strike  in  these  openings  are  the  same  as  in  the  Na- 
tional quairries,  but  here  the  east  walls  show  green  slate  and  the 
west,  red. 

These  facts  indicate  that  there  are  two  parallel  red  slate  bed« 
here,  the  National  quarries  being  located  on  the  east  bed  and 
the  De  Kalb  quarries  on  the  west  one.  The  latter  bed  is  the  one 
on  which  the  Williams  &  Allen  (luarry  is  located,  and  the  former 
is  probably  identical  with  the  bed  exposed  in  the  Eagle  and  the 
Nixon  quarries,  described  below. 

In  several  quarries  red  and  green  banded  slate  is  exposed. 
This  banding  is  i)arallel  to  the  cleavage  of  the  slate,  and  indi- 
cates that  the  cleavage  has  been  developed  parallel  to  the  bed- 
ding, a  condition  which  is  not  usual,  as  the  cleavage  is  formed 
perpendicular  to  the  direction  of  the  pressure  which  caused  the 
nietamorphism.  and  this  may  have  been  applied  at  any  angle  to 
the  plane  of  bedding. 

f  of  a  mile  south,  on  the  south  bank  of  the  Mettowee  river^  is 
the  Williams  &  Alien  rod  quarry.  This  is  an  opening  about  200 
by  80  feet  in  arc^a  and  .10  feet  deej).  The  workable  seam  is  20 
feet  wide,  and  extendi^  downwarri  .';long  the  dip  70  feet,  when  it 
^oses  its  valuable  qiialiti(>«.  Tlie  east  wall  is  green,  and  the  west 
^all  red  "bastard^'  rock   as  the  non-workable  slate  is  called  bv 

7  t 

the  qnaprymen.     The  dip  is  42^,  n  S.*)^  e  and  the  strike  is  s  5^  e. 

This  quarry  was  opened  in  ^Fay  'iS^S  and  produced  about  100 
®q."Uares  a  month  during  the  suuiuK^r  and  autumn.  Some  of  the 
^^d  layers  show  ribbon-like  maikings  of  a  light  green  color^  pos- 
^^bly  due  to  the  production  by  organic  remains  of  acids  which 
PJ^^vented,  locally,  the  formation  of  the  peroxid  of  iron  that  pro- 
duces the  red  color  of  the  slate. 
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Between  this  quarry  and  the  De  Kalb  farm  red  slate  can  be 
traced  by  outcrops  almost  continually.  A  few  rods  southeast  of 
this  quarry  and  on  the  same  bed  are  the  old  "  Mettowee  or  North 
bend  -'  quarries  which  are  now  idle. 

1  mile  farther  south  are  the  quarries  of  the  Penrhyn  slate  cc, 
which  extend  along  the  hillside  for  three  quarters  of  a  mile. 
Plate  33  is  a  general  view  showing  a  part  of  this  series  of  quar- 
ries. It  is  taken  from  a  knoll  nearly  opposite  the  Middle  Gran- 
ville depot. 

These  quarries  have  produced  purple,  green  and  variegated 
roofing  material  and  mill  stock,  but  the  company  has  found  it 
more  economic,  in  the  present  condition  of  the  market,  to  pro- 
cure mill  stock  in  Vermont  and  to  purchase  much  of  its  roofing 
nlaterial  from  the  smaller  quarries. 

Plate  34  is  an  interior  view  of  the  only  one  of  this  company's 
Middle  Granville  quarries  which  was  producing.  The  product  is 
purple,  green  and  variegated  roofing  slate.  The  cleavage  dips 
50°  e  10°  n  and  strikes  s  10°  e. 

This  company  operates  a  large  mill  adjoining  the  quarries  in. 
which  slate  washtubs^  slabs  for  lavatories,  standards  and  insula- 
tors  for  electric  machinery,  tops  for  billiard  tables,  tiles,  marble- 
ized  tiles,  etc.,  are  manufactured. 

Variegated  slate,  being  one  of  the  cheaper  grades,  is  used  fof 
marbleizing.  By  this  process,  excellent  imitations  of  various  col- 
ored marbles,  Mexican  onyx  and  other  ornamental  stones  are  pro- 
duced.   The  coloring  is  a  sort  of  enamel  applied  to  the  slate. 

E.  Willis,  secretary  of  the  company,  furnished  the  following" 
statement  of  the  company's  output  of  roofing  slate  for  the  first: 
eight  months  of  1898. 

Penrhyn  slate  co.^s  output  of  roofing  slate^  Jan.  Aug.  1898 


Red  slate 

other  colors 

Jan. 

115 

squares 

124  squares 

Feb. 

185 

50 

Mar. 

115 

250 

Ap. 

80 

250 

May 

91 

285 

June 

135 

440 

July 

120 

270 

Aug. 

300 
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This  statement  of  red  slate  production  includes  the  combined 
outputs  of  the  Flaherty  and  O'Brien  quarry  at  Hatch  hill  and 
the  two  quarries  of  the  National  red  slate  co.,  which  were  pur- 
chase by  the  Penrhyn  co.  Except  for  the  months  of  January 
and  February,  the  statement  of  slate  other  than  red  includes  the 
product  of  the  Jones  &  Williams  quarry,  at  Jamesville,  together 
with  that  of  the  Penrhyn  quarries. 

Near  the  Penrhyn  mill  is  a  small  red  quarry,  located  on  the 
same  bed  as  the  Mettowee  quarries,  but  now  idle. 

A  mile  east  of  the  Penrhyn  quarries  on  the  opposite  side  of  the 
valley  are  the  quarries  of  the  P^agle  red  slate  co.  These  are  the 
most  northerly  quarries  on  (what  the  quarrymen  call)  the  "  Gran- 
ville and  red  belt  ".^  There  are  four  large  openings,  but  all 
except  the  most  northerly  are  idle.  This  quarry  is  about  250 
by  90  feet  in  area  and  60  feet  deep.  The  cleavage  dips  45°  e 
5°  s  and  strikes  s  5°  w.  The  east  wall  is  unfading  green  slate, 
and  on  the  w^est  wall,  which  is  a  smooth  cleavage  surface  for 
half  the  length  of  the  quarry,  is  a  most  unique  color  etfect.  The 
upper  25  or  30  feet  of  this  surfa'ee  is  bright  red,  which  gradually 
changes  to  the  typical  unfading  green  below  that  depth.  A 
specimen  of  this  material  6  inches  long,  collected  for  the  museum 
from  the  point  where  the  change  in  color  occurs,  shows  the 
tendency  toward  red  at  one  end  and  green  at  the  other. 

Both  red  and  unfading  green  slates  are  quarried  here  in  large 
quantities.     The  entire  output  is  made  into  roofing  material. 

A  half  mile  south  of  the  Eagle  quarries  are  those  of  the  Nixon 
red  slate  co.,  now  owned  by  E.  J.  Johnson  &  Co.  There  are 
three  openings,  the  largest  of  which  is  about  250  by  100  feet  in 
area.  The  cleavage  dip  is  36"^  e  10°  s  and  the  strike  is  s  10°  w. 
Both  red  and  unfading  green  roofing  slates  are  quarried.  The 
large  quarry  was  operated  during  the  summer  of  1898,  but  shut 
down  in  the  fall,  owing,  it  is  said,  to  financial  difficulties. 

South  of  the  Nixon  quarries  and  north  of  the  village  of  Gran- 
ville are  the  two  red  quarries  of  the  Empire  red  slate  co.,  and 
one  belonging  to  Andrew^  Norton.     These  are  idle. 

*See  p.  rl37. 
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Thomas  Williams  operates  a  small  red  quarry  1  mile  south  of 
Granville.  Plate  35  is  a  view  of  this  quarry.  The  cleavage  dips 
40°  e  20°  s  and  strikes  s  20°  w.  Considerable  of  the  waste  ma- 
terial from  this  quarry  is  used  on  the  local  roads.  Slate  is  too 
soft  and  brittle  to  be  a  good  road  metal  and  has  to  be  frequently 
renewed,  but  it  packs  to  a  smooth,  hard  surface,  and  most  of  the 
best  roads  about  Granville  are  of  this  material. 

A  mile  south  of  the  Williams  quarry  are  two  small  openings  in 
the  red  slate.  One  of  these  on  F.  Sweet's  farm  is  new,  and,  though 
the  cut  is  scarcely  10  feet  deep,  a  number  of  squares  of  excellent 
red  slate  have  been  produced.  The  cleavage  dip  is  38°  e  7°  s  and 
the  strike  is  s  7°  w.  This  opening  is  within  a  few  rods  of  the 
Vermont  line,  and  it  is  a  curious  fact  that  no  trace  of  red  slate 
has  been  found  in  that  state. 

The  old  Dennison  quarry,  nearly  opposite  West  Pawlet  (Vt.), 
which  is  now  idle,  shows  the  strike  of  the  slate  to  be  about  the 
same  as  in  the  Williams  and  the  Sweet  quarries.  The  change 
in  direction  of  the  strike  just  south  of  Granville  is  indicated  in 

• 

the  topography  by  a  similar  change  in  direction  of  the  long  axes 
of  the  hills.  The  westward  trend  of  the  slate  belt  carries  the 
red  slate  west  of  the  Granville  meridian,  and  it  outcrops  in  the 
village  of  Slateville,  township  of  Hebron.  The  quarries  of  the 
Manhattan  red  slate  co.  are  located  here,  and  they  mark  the 
southern  limit  of  the  red  slate  industry.  The  cleavage  dip  is 
390  e  7°  s  and  the  strike  is  s  7°  w.  The  quarries  are  large  and 
well  located,  and  the  stock  on  hand  is  of  exceptionally  uniform 
color  and  grain.  Apparently,  this  is  one  of  the  most  advanta- 
geous quarry  sites  in  the  region,  but  it  is  idle,  because,  it  is  said, 
of  lack  of  capital  to  start  with  after  the  late  business  depression, 
which  greatly  affected  the  slate  industry  in  this  region. 

Roofing  material  from  this  quarry  was  awarded  first  premium 
at  the  centennial  exposition  at  Philadelphia  in  1876. 

There  is  a  smaller  red  quarry  a  few  hundred  rods  north  of  the 
Manhattan  quarries,  which  is  also  idle.  1  mile  north  of  South 
Granville  is  another  small  red  quarry  which  is  idle. 
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1  mile  northeast  of  Slateville,  J.  J.  ^McDonough  has  opened  a 
new  quarry  for  unfading  green  roofing  slate.  It  is  well  located 
on  a  steep  hillside,  and  is  one  of  the  few  quarries  that  are  being 
opened  with  a  view  to  allowing  the  water  to  run  out,  instead  of 
pumping  it  out,  the  usual  method.  The  quarry  is  small,  as  yet, 
but  has  cut  a  bed  of  excellent  slate  and  has  already  produced  a 
considerable  quantity  of  fine  roofing  material.  The  cleavage  dip 
is  32°  e  9°  s  and  the  strike  is  s  9°  w. 

From  Slateville,  southward  for  20  or  25  miles,  nearly  to  Hoosick 
are  scattered  abandoned  quarries.  In  nearly  all  of  them  purple, 
green  and  variegated  slate  are  exposed,  but  much  of  it  is  of  a 
poor  quality.  A  few  miles  north  of  Siilem,  and  in  that  township, 
are  the  Black  creek  valley  quarries  and  those  of  the  Excelsior 
slate  CO.  Johnson's  History  of  Washington  county  states  that  in 
1877  the  Excelsior  co.  shipped  912,()()0  worth  of  slate  abroad, 
most  of  it  going  to  England,  Germany,  Bonth  America  and  Aus- 
tralia. Plate  36  is  a  view  of  one  of  thos(^  (juarrieH  partly  filled 
with  w^ater. 

Near  the  village  of  Salem,  quarries  have  been  operated  by 
John  Dundon,  L.  M.  Macefield,  Mrs  John  Toohe,  Charles  Johnson 
and  J.  M.  Williams. 

Near  the  village  of  Shushan  quarries  have  been  operated  by 
Walter  S.  King  and  William  Dobbin,  and  a  small  opening  made 
on  the  farm  of  William  McGeough. 

In  all  these  quarries  the  cleavage  strikes  south-southwest  and 
dips  at  from  30°  to  40°  east-southeast. 

The  great  number  of  quarries  which  are  either  idle  at  present 
or  are  abandoned  is  due  to  several  causes.  The  business  stagna- 
tion of  the  past  few  years  closed  many  of  them,  and  they  have 
not  yet  been  able  to  start  again;  othere  have  been  located  on  beda 
which  have  proved  to  be  of  poor  (luality  or  at  too  great  a  distance 
from  shipping  points;  and  the  recent  exteneive  introduction  of 
iron  and  terra  cotta  roofing  materials  has  greatly  damaged  the 
slate  industry,  particularly  in  large  citiee.  But  the  chief  cause 
of  failure  appears  to  be  the  lack  of  capital  properly  to  push  the 
work,  coupled  with  clumsy  methods  of  quarrying  and  sharp  com- 
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petition  in  the  market.  In  the  best  of  slate  quarries  the  propor- 
tion of  waste  rock,  that  muet  be  removed,  to  the  marketable  stock 
is  enormous.  This  is  a  constant  expense,  though  the  waste  could 
find  a  limited  market  for  use  on  the  local  roads,  which  would  not 
only  be  a  source  of  revenue  to  the  quarrymen,  but  would  also 
cheapen  transportation  for  them.  Some  of  the  quarries,  particu- 
larly in  the  Hatch  hill  group,  where  they  are  located  in  a  depres- 
sion, are  necessarily  open  pits  which  require  constant  pumping^ 
But  many  others  are  located  on  side  hills,  where  a  cut  or  a  tunnel 
could  be  cheaply  run  in  from  below  which  would  not  only  drain 
the  quarry  but  would  provide  a  way  for  the  removal  of  the  slate 
and  the  waste  by  gravity  instead  of  by  the  slow  and  expensive 
method  of  hoisting  now  in  use.  The  initial  cost  of  such  an  outlet 
would  be  something  of  a  burden,  but  this  would  soon  be  repaid 
in  an  increased  output  and  cheapened  quarrying. 

The  age  of  the  slate  deposits  is  carefully  discussed  by  Prof. 
T.  Nelson  Dale  in  the  19th  report  of  the  United  States  geological 
survey,  where  he  points  out  that  the  red  slates  are  a  part  of  the 
Hudson  river  group,  and  the  others  are  of  Cambrian  age. 

Sea  green  slate  is  typically  a  Vermont  product.  It  belongs  to 
the  Georgia  group,  the  lowest  formation  of  the  Cambrian  system, 
and  is  quarried  at  many  points,  particularly  between  West  Paw- 
let  and  Poultney.  Plate  37  is  a  distant  view  of  the  group  of  quar- 
ries at  the  former  town.  It  is  stated  that  the  sea  green  slate  is 
confined  to  Vermont,  as  closely  as  the  red  is  confined  to  New 
York,  though  south  of  Granville  they  outcrop  within  half  a  mile 
of  each  other. 

The  slate  formation  can  be  traced  southward  from  Washington 
county,  through  Rensselaer,  Columbia  and  Dutchess  counties,  and 
is  also  found  in  Orange  county.  Red  slate  of  Hudson  river  age 
is  exposed  in  a  cut  of  the  New  York  central  railroad  near  Fish- 
kill.  William  W.  Mather,  in  Otology  of  the  first  geological  district 
of  New  York,  p.  420,  says,  "A  range  of  roofing  slate  extends  from 
New  Lebanon  through  Canaan,  Austerlitz,  Hillsdale,  Copake^ 
Ancram  and  Pulvers  corners  in  Northeast.  It  is  believed  to  be 
the  same  as  that  in  which  the  Hoosick  quarries  are  located.    Quar- 
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ries  of  roof  slate  have  been  opened  in  this  range  of  rocks  in  many 
places.  The  most  important  are  those  in  New  Lebanon,  about 
one  and  a  half  miles  from  the  springs  on  the  east  face  of  the 
mountain". 

None  of  these  Columbia  countj'  quarries  are  producing  now. 

The  quarries  operated  in  the  fall  of  1898  were  as  follows. 

Washington  county  quarries 


NAMB  OF  QUARRY 

LOCALITY 

PRODUCT  QUARRIED 

COLOR  OF  PRODUCT 

National  red  slate  co. 

Hatch  hiU 

roofing  slate 

red 

R.  A.  Hall 

(( 

• 

roofing  slate, 

• 

tiles 

flour  red  (and  olive 
flour) 

Flaherty  &  O'Brien 

(( 

roofing  slate 

red 

H.  H.  Matthews  &  Co. 

Hampton 

(i 

red,  unfading  green 
and  purple 

Welsh  red  slate  co. 

(( 

(( 

red 

Jones  &  Williams 

Jamesville 

\ 

(( 

unfading  green, 
purple  and  varie- 
gated 

National  red  slate  co. 

Raceville 

(( 

red 

WilUams  &  Allen 

N.     of      Middle 

Granville 

tt 

(( 

Penrhyn  slate  co. 

Middle  Granville 

ti 

unfading       green, 

purple  and  varie- 

gated 

Eagle  red  slate  co. 

(( 

n 

red  and  unfading 
green 

Nixon  red  slate  co. 

(( 

n 

red  and  unfading 
green 

Thomas  WlUiams 

Granville 

It 

red 

F.  Sweet 

(( 

(( 

it 

J.  J.  McDonough 

Slateville 

(( 

unfading  green 

Bed  slate  is  the  most  expensive,  the  others  following  in  this 
order:  purple,  unfading  green,  sea  green,  (from  Vermont),  and 
variegated.  The  prices  of  all  grades  are  subject  to  change  from 
time  to  time.  The  following  scale  of  sizes  and  prices  of  red  roof- 
ing slate  were  in  use  during  1898 :  sizes  20  x  10,  18  x  10,  18  x  9, 
16x10,  16x9,  14x9,  14x8  and  14x7,  $10.50  a  square;  12x8 
and  12  x  7,  f 9  a  square;  12  x  6,  $8.50  a  square;  10  x  6,  10  x  7 
and  10  X  8,  f  6.50  a  square. 

The  color  of  red  slate  is  as  nearly  unchangeable  as  anything 
can  be,  showing  no  perceptible  change  after  years  of  exposure 
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to  the  sun  and  atmosphere.  The  sea  green  slate  fades  unevenly; 
after  a  year's  exposure  as  many  a«  six  different  shades  of  color 
appear.  The  other  colors  all  fade  somewhat,  but,  if  the  slates 
are  well  matched,  the  change^  of  color  is  fairly  uniform  and 
passes  unnoticed. 

^  "  A  specimen  of  the  red  roofing  slate  of  Washington  county 
wa«  tested  and  found  to  have  a  specific  gravity  of  2.84,  equivalent 
to  a  wedght  of  177  pounds  a  cubic  foot.  It  contadned  1.87^  of 
ferrous  oxid,  and  7.36^  of  ferric  oxid.  Its  absorptive  percentage 
was  .15.  It  lost  .07^  in  weight  in  the  sulfuric  acid  solution  test. 
It  remained  unchanged  in  tests  of  alternate  freezing  and 
thawing." 

^Smock,  J:  C.  Building  stone  in  New  York.  N.  Y.  state  mus.  Bui.  10. 
V.  2.     p.  281. 
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Emery  Mines  of  Westchester  County 

A  visit  to  the  emery  mines  southeast  of  Peekskill,  waa  made 
by  the  writer  May  9,  1899. 

The  locality  first  visited  was  that  of  the  abandoned  mines 
southeast  of  Diekerson  pond.  About  five  years  ago  some  emery 
was  mined  there,  but  the  mine  was  too  inaccessible  and  was  soon 
abandoned. 

These  openings  were  made  originally  by  the  Grant  iron  eo.,  for 
iron  ore.  Old  iron  mines  of  this  company  are  scattered  from  this 
point  southward  to  Oolabaugh  pond.  Mines  of  other  companies 
are  also  scattered  through  this  region.  The  Oroton  iron  co.  still 
claims  the  right  to  control  all  mineral  properties  on  the  sonth 
side  of  Nash  mountain. 

•  Borne  years  ago  an  emery  mill  was  operated  at  Peekskill  by 
Mr  St  Clair,  who  mined  a  few  hundred  tons  of  emery  on  the 
Bugbee  farm,  about  three  miles  west  of  Peekskill.  After  running 
for  a  year  or  two^  the  mine  was  abandoned,  and  the  plant  was  re- 
moved to  Oscawana  to  be  near  a  new  source  of  emery.  A  new 
mill  was  built  here,  but  not  long  operated.  Another  company 
then  purchased  the  mill,  but  before  operations  had  begun  it  waa 
burned.  It  has  never  been  rebuilt.  The  supply  of  emery  for  this 
mill  came  from  the  south  side  of  Nash  mountain. 

At  present  the  entire  emery  region  is  under  the  control  of  two 
companies,  that  have  leased  the  mineral  rights  on  all  farms  in 
the  district. 

The  Tanite  co.,  of  Stroudsburg  (Pa.)  controls  the  mineral 
rights  on  the  greater  part  of  the  district  and  mines  at  several 
points. 

The  Jackson  Mills  emery  co.^  of  Easton  (Pa.)  controls  the 
mineral  rights  on  the  farm  of  I.  McCoy,  which  is  situated  in  the 
heart  of  the  emery  belt  and  contains  several  extensive  deposits. 
This  is  about  the  only  property  which  is  not  controlled  by  the 
Tanite  co. 
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At  the  time  that  iron  was  mined  in  this  region,  the  emery  waB 
not  recognized,  and  it  is  stated  that  it  caused  much  trouble  in 
the  blast  furnaces  on  account  of  its  infusibility.  It  was  evi- 
dently mistaken  for  iron,  and  charged  into  the  furnaces. 

The  emery  outcrops  on  the  hillsidee,  hence  the  mines  are  shallow 
openings  or  quarries. 
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Rand  hill  and  vicinity,  Clinton 
county,  r37-82;  crystalline  rocks 
near  the  St  Lawrence  river,  r83- 
104;  relief  map,  frontispiece. 

Allegany  county,  oil  and  gas,  rl3S 
rl07*-13';  consumption  of  natural 
gas,  rll3*-15*;  map  facing  p.  rl07. 

Altona,  ridges,  r78P;  flat  rock  dis- 
trict, r78'-8a'. 

Analysis  of  anorthosite  gabbro,  r58*. 

Andover    gas    and    oil    field,  rlll'- 

l3^ 

Anorthosite-gabbro  of  Rand  hill, 
r52«-54S  r81«;  analysis,  r58^ 

Apatite,  r64»,  r55«,  r60^. 

Archean  rocks,  see  Pre-Cambrian 
rocks. 

Ashburner,  cited,  rl29". 

Augen-gneisses,  r31'. 

Augite,  r54*,  r54»,  r60^. 

Augite-syenite  of  Rand  hill,  r59'- 
6V,  r82*. 

Baldwin,  cited,  r75*,  r77'. 
Beck,  L.  O.,  examination  of  locali- 
ties mentioned  by,  rl2*. 
Beecher,  C.  E.,  cited,  r33'. 
Beekmantown,  gneisses,  r42^ 
Beekmantown  limestone,  ^66"-67^ 
Belfast,  oil  and  gas,  rl09^  rl09^-10«. 

Blotite,  r54». 

Blrdsall,  oil  and  gas,  rl07'. 


Bishop,  Irving  P.,  oil  and  gas  in 
southwestern  New  York,  rl2^ 
rl05-34. 

Bleecker,  geologic  description,  r29^- 
30\ 

Bralnard  and  Seeley  cited,  r68\ 

Bronzite,  r(>0\ 

Building  stones,  r81*. 

Oalciferous  limestone,  r24«,  r66*-67". 

Caldwell,  geologic  description,  r21'- 
24';  geologic  map  facing  p.  r22. 

Canaseraga,  oil  and  gas,  rlOT*. 

Game's  quarry,  analysis  of  anor- 
thosite gabbro,  r58*. 

Cattaraugus  county,  oil  and  gas, 
rl3S  rll5»-20». 

Chautauqua  county,  oil  and  gas, 
TlS\  rl20^. 

Chazy  limestone,  r6i7*-68'. 

Clarke  and  Schuchert  cited,  r66'. 

Clay  industries,  report  on,  rir. 

Clinton  county,  geology  of  Rand  hill 
and  vicinity,  rlO*,  r37-82;  map 
facing  p.  r39. 

Coleman,  cited,  r92^ 

Crosby,  cited,  rlOr. 

Crystalline  rocks,  of  Adirondacks, 
t9*-1V;  on  Long  Island,  r8»-9*;  in 
New  York,  Westchester  and  Put- 
nam counties,  r7»-8*;  of  Orange 
and  Putnam  counties,  r9';  of 
Rand  hill  and  vicinity,  Clinton 
county,  r37-82;  near  St  Lawrence 
river,  r83-104;  in  parts  of  War- 
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reD,  Saratoga,  F'ulton  and  Mont- 
gomery counties,  rl7-35. 
Gushing,  H.  P.,  field  work,  i-O',  r9»- 
10«;  Geology  of  Rand  hill  and 
vicinity,  Clinton  county,  r37-82; 
cited,  r57»,  r59*,  r62»,  r99*,  rlOl*. 

I>ale,  T.  Nelson,  cited,  rl48». 
Dannemora    formation,    r42*,    r47'- 

51»,  r81». 
Darton,  N.  H.,  cited,  r22»,  r26',  r26», 

r33». 
Day,  geologic  description,  r28'. 
Depth  of  rocks  below  surface,  r42'. 
Diabase  dikes,  r62=. 
Dikes,  r43S  r61«-62'. 
Diorite,  r55*. 

Eckel,  Edwin  E.,  investigation  of 
crystalline  rocks  of  Westchester 
and  New  York  counties,  r7^-8*. 

Economic  and  geologic  map,  new 
edition,  rl4'. 

Economic  geology,  work  in,  rll"- 
13^;  museum  work  in,  rl5^ 

Edinburg,  geologic  description,  r28'- 
29». 

Emery  mines  of  Westchester 
county,  rl3»,  rl51-54. 

Erie  county,  oil  and  gas,  rl21^-23^ 

Tault,  how  produced,  r44^ 

Faults  in  Mooers  sheet  region,  r71'- 
T3^ 

Feldspar,  r54^  i^*,  r60\ 

Flat  rock  district  in  Altona,  r78^- 
80^ 

Foliation  in  Mooers  sheet  region, 
r69*-7r. 

Fulton  county,  pre-Cambrian  forma- 
tions, rl7-35;  geologic  map  facing 
p.  r29;  the  Noses,  r32^-35*;  out- 
line map  of  the  Noses  facing 
p.  r32. 

Gabbro,  in  Caldwell,  r24*;  in  War- 
rensburg,  r28^;  and  gneiss,  con- 
tact, r50». 

Gabbro  intrusions  of  Rand  hill, 
r52^-54^ 

Garnet,  r54»,  r56S  rGO'. 


Garoga,  geologic  description,  r30"- 
31'. 

Gas  in  southwestern  New  York, 
rl2",  rl05-34. 

Genesee  county,  oil  and  gas,  rl23'-24*. 

Geologic  map,  rlP,  rl3'-14». 

Geology,  work  in,  r7^-16';  museum 
work  in,  rlS'-W;  economic,  work 
in,   rll*-13*. 

Gilbert,  G.  K.,  quoted,  r78\ 

Glacial  striae,  r77\ 

Gneiss,  in  Fulton  county,  r30*,  r3(y- 
31',  r3r,  r32';  of  the  Noses,  r34^- 
35*;  of  Rand  hill  and  vicinity, 
Clinton  county,  r37-82;  near  St 
Lawrence  river,  r86'-^*;  in  Sara- 
toga county,  r28*-29°;  of  Warren 
county,  r23A  r25^  r28^ 

Gowanda,  oil  and  gas,  rll5*-17'. 

Greenfield,  geologic  description, 
r29*. 

Grenville,  term,  r48». 

Grenville  series,  r48*,  r50*. 

Grindstone  island,  geology,  r9r-92^. 

Hall,  C.  E.,  cited,  ^33^ 

Harlem  sheet,  r8'. 

Hill,  Benjamin  F.,  study  of  geology 
of  Putnam  county,  r9=;  field  work, 
r9";  Preliminary  report  on  the 
pre-Cambrian  formations  in  parts 
of  Warren,  Saratoga,  Fulton  and 
Montgomery  counties,  rl7-35. 

Hornblende,  ^54^  r55S  r60\ 

Hume,  oil  and  gas,  rl08\ 

Hyperite,  r52*,  r97'. 

Hypersthene,  r54^  r54®. 

Igneous    origin      of      Adirondack 

rocks,  r41«,  r97=. 
Ilmenite,  r54',  r55'. 

Jefferson  county,  geology,  rlO^,  r83- 

104. 
Johnstown,     geologic      description, 

r31*-32=. 
Joints  in  Mooers  sheet  region,  r73^- 

7o=. 

Kemp,  J.  F.,  field  work,  r9^;  Pre- 
liminary report  on  the  pre-Cam- 
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brian    formations    in    parts    of 
-Warren,    Saratoga,    Fulton    and 
Montgomery      counties,      rl7-36; 
citod,  r63S  r65",  rlOl*. 
Koidemp,  C.  F.,  cited,  r57». 

XtaVradoritOy  r54^ 

liflfwson,  cited,  rlOP. 

lAme  and  cement  report  on,  rll'- 

linton,  Edwin,  gift,  rl6\ 
liiYlngston    county,    oil    and    gas, 

rl24»-25». 
liong  Island,  crystalline  roc]ss,r8'-9\ 

]Eagn«fcite,  rec. 

Marl  deposits,  rl2^ 

Mayfleld,  geologic  description,  r32^. 

MayriUe,  oil  and  gas,  rl20=. 

MerriU,  G.  P.,  cited,  rl02*. 

Minerals  of  Band  hill  gabbro,  r54*- 

Montgomery  county,  pre-Cambrlan 
formations,  rl7-35;  the  Noses, 
rSS'-SS*;  outline  map  of  the  Noses 
facing  p.  r32. 

Mooers  atlas  sheet,  geology  of  area 
comprised  in,  r37-82;  economic 
geology  in  area  of,  r80^-82®. 

Moraines,  r75»-76». 

Morley,  E.  W.,  analysis  of  anortho- 
site  gabbro,  r58*. 

Morrlsonville  well,  r68'-69^ 

Museum  work  in  geology,  rl5'-16^ 

Vatural  gas  in  southwestern  New 
Yorli,  rl2',  rl05-34. 

Nievlus,  J.  N.,  Emery  mines  of 
Westchester  county,  rl3*,  rl51-54; 
Roofing  slate  quarries  of  Wash- 
ington county,  rl3*,  rl35-50; 
mounting  fossil  plant,  rl6^;  resig- 
nation, rl6*. 

New  Hudson,  oil  and  gas,  rlOSS 
rl09*-l(y». 

New  York  county,  crystalline 
rocks,  r7"-8^. 

Newland,  D.  H.,  geologic  investiga- 
tions, ry. 

Koses,  the,  r32^-35^;  map  of,  facing 
p.  rd2. 


Oil  and  gas  in  southwestern  New 

York,  rl2',  rl06-34. 
Onondaga  county,  oil  and  gas,  rl25^ 

26». 
Ontario  county,  oil  and  gas,  rl27*. 
Oramel,  oil  and  gas,  rl09*-10". 
Orange  county,  geology,  r9". 
Oswegatchie  series,  r48'. 
Ottawa  gneiss,  r48*. 

Paleozoic  rocks  of  Mooers  sheet, 
r63»-69^ 

Petroleum  in  southwestern  New 
York,  rl2^  rl05-34. 

Pleistocene  deposits,  r75*-78'. 

Porphyritic  gneisses,  r3r. 

Portland  cement  industry,  rl2*. 

Potsdam  sandstone,  rlP,  reS'-SG", 
r98*-104^ 

Pre-Cam  brian  rocks  of  Adiron- 
dacks,  r9^-ll';  in  parts  of  War- 
ren, Saratoga,  Fulton  and  Mont- 
gomery counties,  rl7-35;  of  Rand 
hill  and  vicinity,  Clinton  county, 
r37-82;  near  St  Lawrence  river, 
r83-104;  structural  features,  reO*- 
75-;  sedimentary  origin,  r88'. 

Prosser,  C.  S.,  cited,  r26^ 

Putnam  county,  crystalline  rocjts, 
r7*;  geology,  r9*. 

Pyrite,   r54',  r5o*. 

Pyrrhotite,   r54',   r55*. 

Quartz,  r54^  r57^  r60^ 
Quartzite,  white  vitreous,  r87'-88*. 
Queen  sbury,    geologic    description, 

r24^-27';   geologic  map    facing  p. 

r26. 

Band  hill  and  vicinity,  geology, 
r37-82. 

Ries,  Heinrich,  work  in  economic 
geology,  rir-12*. 

Roofing  slate  quarries  of  Washing- 
ton county,  rl3»,  rl35-50. 

St  Lawrence  county,  geology,  rlC, 

r83-104. 
St  Lawrence  river,  crystalline  rOckB 

in  vicinity  of,  r88-104. 
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Saratoga  county,  pre-Cambrian  for- 
mations, rl7-35;  geologic  map  fac- 
ing p.  r28. 

Schists  near  St  Lawrence  river, 
r86^-98*. 

Schuyler  county,  oil  and  gas,  ^27*. 

Scio,  oil  and  gas,  rll(y-ll«. 

Seneca  county,  oil  and  gas,  rl28^ 

Slate  and  emery  industries,  rl3*, 
rl35-50. 

Smock,  J.  C,  cited,  rl08»,  rl50». 

Smyth,  C.  H.  jr,  field  work,  r^', 
rlO'^;  Geology  of '  crystalline  rocks 
in  vicinity  of  St  Dawrence  rivor, 
1*83-104. 

Steuben  county,  oil  and  gas,  rl28'- 
32";  consumption  of  natural  gas, 
rll3«-15». 

Stevenson,  J.  J.,  gift,  rlo*. 

Syenite,  rSlS  r82^ 

Syenite  dikes,  r62\ 

Synoptic  collection  oif  rocks,  rl5*-16'. 

Syracuse,  oil  and  gas  wells  near, 
rl25«-2e». 

Thousand     islands,    geology,    rlO^ 

r83-104. 
Tioga  county,  oil  and  gas,  rl33^ 
Titaniferous  magnetite,  r54*,  r55*. 
Titanite,  r54'. 


Topographic  sheets,  rl4"-15*. 
Tourmalin,  r90*. 
Tracy  brook  fault,  r71*. 

Vanuzem,  Lardner,  cited,  r33*. 
Vermeule,  C.  C,  work  on  geologic 
map,  rl3'. 

Warren  county,  pre-Cambrian  for- 
mations, rl7-35;  geologic  map, 
facing  p.  r22. 

AVarrensburg,  geologic  description, 
r27"-28^ 

Washington  county,  roofing  slate 
quarries,  rl35-50. 

Water  levels,  r77»-78«. 

Wayne  county,  oil  and  gas,  rl33*. 

Wells  Island,  geology,  r87'-91*;  Pots- 
dam sandstone,  r99'. 

Wellsville,  oil  and  gas,  rill*. 

Westchester  county,  crystalline 
rocks,  r7^-8*;  emery  mines,  rl51- 
54. 

Wilton,  geologic  description,-  r29*. 

Wright,  G.  F.,  cited,  r76*. 

Wyoming  county,  oil  and  gas,  rl33'. 

Yates  county,  oil  and  gas,  rl34\ 
Zircon,  r54»,  r55»,  r60*. 
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Museum  reports.     New  York  state  museum.     Annual  report  1847- 

date.     Albany  1848-date. 

Price  for  all  in  print  to  1892,  50  cents  a  volume ;  75  cents  in  cloth  ;  1892-date, 
75  cents,  cloth. 

These  reports  are  made  np  of  the  reports  of  the  director,  geologist,  paleontolo- 
gist, botanist  and  entomologist,  and  museum  bulletins  and  memoirs,  issued  as 
advance  sections  of  the  reports. 

Geologist's  reports.      New  York  state  museum.      State  geologist's 
annual  report.     1881-date.     Rep't  si,  3-13,  17-date,  O.;  2,  14-16,  Q. 

Albany  1881-date. 

Keports  1-4,  1881-84  were  published  only  in  se])arate  form.  Of  the  5tli  report 
3  pages  were  reprinted  in  the  HOth  musienm  report,  and  a  supplement  to  the  6th 
report  was  included  in  the  40tli  museum  report.  The  7th  and  subsequent 
rei>orts  are  included  in  the  41st  and  following  mnseum  reports,  except  that  cer- 
tain lithographic  plates  in  the  13th  rej)orl  (for  1893)  are  omitted  from  the  47th 
museum  report. 

Separate  volumes  of  the  geologist's  12th  report  can  be  supplied  for  50  cents; 
14th,  17tli  and  18th  for  75  cents  each;  15th  and  16th  for  $1  each;  19th  for  40 
cents.     Others,  except  as  parts  of  museum  reports,  are  not  availabhi. 

In  1898  the  paleontologie  work  of  the  state  was  made  distinct  from  the  geo- 
logic and  will  hereafter  be  reported  separately. 

The  annual  reports  of  the  early  natural  history  survey,  1836-42  are  out  of  print. 

Paleontologist's  reports.     New  York  state  museum.     State  paleon- 
tologist's annual  report.     1899-date.     Albany  1900-date. 
ScG  third  note  under  Geologist's  reports. 
Bound  also  with  museum  reports  of  which  they  form  a  part.     Reports  for  1899 

and  1900  may  be  had  for  20  cents  each. 

Botanist's  reports.     New  York  state  museum.     State  botanist's  an- 

.nual  report.     1869-date.     Albany  1869-date. 

Bound  also  with  museum  rei)orts  22-date  of  which  they  form  a  part;  the  first 
botanist's  report  appeared  in  the  22d  museum  report  and  is  numbered  22. 

Keports  22-41,  48,  49,  50  and  52  are  out  of  print;  42-47  are  inaccessible. 
Report  51  may  be  had  for  40  cents;  53  for  20  cents;  54,  in  press. 

Descriptions  and  illustrations  of  edible,  poisonous  and  unwholesome  fungi  of 
New  York  have  been  l)ubli^^hed  in  volumes  1  and  3  of  the  48th  museum  report 
and  in  volume  1  of  the  49th,  51st  and  52d  reports.  The  botanical  part  of  the  5l8t 
js  avaihible  also  in  separate  form.  The  descriptions  and  illustrations  of  edible 
and  unwholesome  species  contained  in  the  49th,  51st  and  52d  reports  have  been 
revised  and  rearranged,  and  combined  with  others  more  recently  prepared  and 
conRtitute  Mustum  memoir  4, 
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Entomologist's  reports.      New  York  state  museum.      State   ento- 
mologist's annual  report  on  the  injurious  and  other  insects  of  the  state 
of  New  York'1882-date.     Albany  1882-date. 
Bound  also  with  museum  reports  of  which  they  form  a  part,    Beports  3-4  are 

out  of  print,  other  reports  with  prices  are: 

Heport  Price  Report  Price  Report  Price 

13  $.10 

14  (Mus.  bul.  23)      .20 

15  (        "        31)      .15 

16  (        ''        36)      .25 

Reports  2,  8-12  may  also  be  obtained  bound  separately  in  cloth  at  25  cents  in 
addition  to  the  price  given  above. 

Museum  bulletins.    New  York  state  museum.    O.    Albany  1887-date. 
Ff'ice  to  advance  subscribers,  7  5  cents  a  year. 

Beginning  with  bulletin  12  bulletins  are  also  found  with  the  annual  reports  of 
the  museum  as  follows: 

12-15,  48th  rep't,  v.  1  32-34,  54th  rep't,  v.  11 

16.17,50th        «*  35-36  *'  v.  2  U„  ^^^^ 

18-19,  5l8t         "  3744  "  ^   3  >i»iW6«« 

20-25, 52d  "  45-  "  v.  4  I 

26-31,  53d 

Volume  I.  6  nos.  $1.50  in  cloth 

1  Marshall,  W:  B.     Preliminary  list  of  unionidae.    2op.  Mar.  1892.     5^. 

2  Peck,  C:  H,     Contributions  to  the  botany  of  the  state  of  New  York. 
66p.  2pl.  May  1887.     [35]^- 

3  Smock,  J:  C.      Building  stone  in  the   state  of   New   York.     152P. 
Mar,  1888.     Out  of  print. 

4  Nason,  F.  L.     Some  New  York  minerals  and  their  localities.     2op. 
ipl.  Aug.  1888.     s^- 

5  Lintner,  J.  A.    White  grub  of  the  May  beetle.    32p.  il.  Nov.  1888.    10^. 

6  Cut- worms.     36p.  il.  Nov.  1888.     10^. 

Volume  2.  4  nos.  [$1.50]  in  cloth 

7  Smock,  J:  C.     First  report  on  the  iron  mines  and  iron  ore  districts  in 
N.  Y.     6+ 7op.  map  58x60  cm.     June  1889.     Out  of  print. 

8  Peck,  C:  H.     Boleti  of  the  U.  S.     96p.  Sep.  1889.     [50]^. 

9  Marshall,  W:  B.    Beaks  of  unionidae  inhabiting  the  vicinity  of  Albany, 
N.  Y.     24p.  I  pi.  Aug.  1890.     I  or. 

10  Smock,  J:  C.     Building  stone  in  New  York.      21  op.  map  58x60cm. 
tab.  Sep.  1890.  40^. 

Volume  3.    5  nos, 

11  Merrill,  F:  J.  H.     Salt  and  gypsum  industries  in  New  York.     92P. 
i2pl.  2  maps  38x58,  61x66  cm,  11  tab.  Ap.  1893.     40^. 

12 &  Ries,  Heinrich.     Clay  industries  of  New  York.     i74p.  2pl. 

map  59x67  cm.  Mar.  1895.     30^. 
13  Lintner,  J.  A.     Some  destructive  insects  of  New  York  state;  Banjos^ 

scale.     54p.  7pl.  Ap.  1895.     15^. 


PUBLICATIONS 

14  Kemp,  J.  F.  Geology  of  Moriah  and  Westport  townships,  Essex  co. 
N.  Y.,  with  notes  on  the  iron  mines.  ^Sp.  ypl.  2  maps  30x33,  38x44 
cm.  Sep.  1895.     10^. 

15  Merrill,  F:  J.  H.  Mineral  resources  of  New  York.  224P.  2  maps 
22x35,  58x66  cm.  Feb.  1896.     4.0c. 


16  Beauchamp,  W:  M.  Aboriginal  chipped  stone  implements  of  New 
York.     86p.  23pl.  Oct.  1897.     25^. 

17  Merrill,  F:  J.  H.  Road  materials  and  road  building  in  New  York. 
42p.  i4pl.  2  maps  34x45,  68x92  cm.  Oct.  1897.      15^. 

18  Beauchamp,  W:  M.  Polished  stone  articles  used  by  the  New  York 
aborigines.     io4p.  351)1.  Nov.  1897.     25^. 

19  Merrill,  F:  J.  H.  Guide  to  the  study  of  the  geological  collections  of 
the  New  York  state  museum.  i62p.  ii9pl.  map  33x43  cm.  Nov. 
1898.     40^. 

20  Felt,  E.  P.     Elm-leaf  beetle  in  New  York  state.     461).  il.  5pl.  June 

1898.  5^. 

21  Kemp,  J.  F.  Geology  of  the  Lake  Placid  region.  24p.  ipl.  map 
33x34  cm.  Sep.  1S98.     5^:. 

22  Beauchamp,  W:  M.  Earthenware  of  the  New  York  aborigines. 
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To  the  Regents  of  the  University  of  the  State  of  New  York 

I  have  the  honor  to  submit  herewith  the  report  of  the  state 
geologist  for  the  fiscal  year  ending  Sep.  30,  1900. 

In  order  to  permit  the  wide  distribution  of  separate  i>apers, 
the  report  is,  as  it  was  last  year,  chiefly  administrative.  The 
larger  pai)ers  giving  the  results  of  completed  invc^stigations  are 
issued  as  bulletins  of  the  state  museum. 

Rc^spectfully  yours 

Frederick  J.  H.  Merrill 
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GEOLOGY 

Owing  to  the  liberal  aid  received  from  the  legislature  of  1899 
and  1900,  the  director  and  state  geologist  is  enabled  to  report 
a  very  satisfactory  degree  of  progress  in  the  work  under  his 
supervision. 

In  the  field  of  geo]ogy  the  following  is  a  synopeis  of  the  results 
accomplished. 

PRE-CAMBRIAN    AND    CRYSTAIiLINE    ROCKS 

The  resurvey  of  Westchester  count}^  begun  some  years  ago  by 
the  present  state  geologist  and  since  continued  under  his  direc- 
tion, has  been  carried  nearly  to  completion  by  Edwin  O.  Eckel, 
assistant  in  geology,  and  Harry  C.  Magnus,  volunteer  assistant. 

During  the  month  of  October  Mr  Eckel  was  engaged  in  areal 
work  in  Westchester  county,  covering  the  region  near  the  Croton 
river.  Records  of  borings  for  dam  sites  along  the  Croton  river 
were  obtained  from  Alphonse  Fteley,  chief  engineer  of  the  Croton 
aqueduct,  and  the  materials  shown  by  these  borings  were  re- 
ferred, so  far  as  possible,  to  their  respective  geologic  formations. 

From  Nov.  1  to  Jan.  15  he  was  employed  on  field  and  office 
work  in  the  final  revision  of  the  geology  of  the  Harlem  quad- 
rangle for  the  New  York  folio.  In  order  to  use  all  new  informa- 
tion rendered  available  bv  recent  excavations,  a  number  of  bound- 
aries  were  retraced,  *and  careful  search  was  made  for  records  of 
borings  on  and  near  New  York  island.  As  several  Jersey  City 
records  mentioned  the  occurrence  of  ^'  gneiss,"  several  days  were 
spent  searching  for  outcrops  in  eTersey  City  and  in  miapping  the 
serpentine  area  at  Hoboken. 

His  time  from  March  8  to  April  S  was  occupied  with  the  final 
drafting  of  the  geolog^^  of  the  Harlem  quadrangle.  During  the 
remainder  of  April  and  all  of  iVlay  lie  was  engaged  in  detailed 
work  on  the  Carmel  quadrangle  and  in  reconnaissance  work  in 
Fairfield  county,  Ct.  This  work  proved  that  the  two  bands  of 
Harrison  diorite  shown  in  Westchester  county  on  the  map  of 
1895  unite  in  Connecticut  and  cover  a  large  area. 
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Early  in  June  in  response  to  a  request  from  Dr  Macy,  super- 
intendent of  the  Willard  state  hospital,  for  information  con- 
cerning reliable  sources  of  water  supply  for  that  institution,  he 
spent  several  days  in  Seneca  county,  investigating  this  question. 
A  second  visit  in  regard  to  the  same  matter  was  made  in  August. 

The  latter  part  of  June  and  all  of  July  were  spent  in  recon- 
naissance in  Putnam  county  and  detailed  work  in  northern  West- 
chester. 

Mr  Eckel  worked  from  Aug.  27  to  Sep.  15  in  Dutchess  county, 
mapping,  on  the  newly  issued  Millbrook  quadrangle,  the  pre- 
Cambrian  boundaries  of  Stissing  and  Dover  mountains.  A  few 
days  late  in  September  were  spent  in  Orange  county,  mapping 
the  geologic  boundaries  which  occur  on  the  Schunemunk  quad- 
rangle. 

Mr  H.  C.  Magnus  commenced  work  in  Westchester  county  June 
16  and  continued  till  September.  During  this  period  he  mapped 
very  satisfactorily  a  large  part  of  the  area  covered  by  the  Tarry- 
town  quadrangle,  also  spending  some  time  on  the  West  Point 
and  Stamford  quadrangles. 

The  resurvey  of  Putnam  county,  begun  last  year  by  Dr  D.  H. 
New^and,  was  continued  by  Mr  Benjamin  F.  Hill„  fellow  in 
Oolnmbia  university^  A  large  amount  of  territory  was  covered 
in  reconnaissance,  and  an  extensive  suite  of  specimens  collected. 

The  survey  of  the  crystalline  area  of  the  northeastern  Adiron- 
dacks,  begun  by  Prof.  H.  P.  Gushing  in  1893,  has  been  continued 
by  him  during  the  past  season. 

The  firat  two  weeks  of  his  field  work  were  spent  in  Ontario, 
where,  through  the  kindness  of  Dr  Dawson^  the  director  of  the 
Canadian  survey,  and  of  Dr  Barlow,  he  had  the  privilege  of 
accompanying  the  latter  through  a  most  interesting  region.  The 
purpose  of  the  trip  was  to  make  a  comparison  between  the  rocks 
of  eastern  Canada  and  those  of  the  Adirondack  region.  While 
the  region  visited  was  somewhat  too  far  to  the  west  to  afford 
the  besit  i)ossible  basis  for  convparison,  yet  this  drawback  was 
more  than  compensated  for  in  the  very  great  interest  of  its  rocks. 
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The  Grenville  series  was  seen  to  consist  of  rocks  in  every  way 
like  those  comprising  the  crystalline  limestone  series  of  the 
Adirondacks.  It  seems  also  quite  certain  that  the  two  series 
may  be  directly  followed  from  one  district  to  the  other  through 
the  Thoueand  Island  region,  and  it  would  appear  quite  proper  that 
the  same  name  should  be  applied  to  the  series  in  both  districts. 
It  was  also  made  apparent  that  the  great  mass  of  the  gneisses 
of  the  Adirondacks  would  be  classed  with  the  Ottawa  gneiss  by 
the  Canadian  geologists,  were  the  Adirondack  region  a  part  of 
Canada.  But,  on  the  other  hand,  it  was  manifest  that  other  rocks 
were  also  included  here  which  do  not  appear  in  the  Adirondacks 
at  all,  and  the  propriety  of  using  this  name  in  the  Adirondacks  is 
perhaps  not  so  evident  as  in  the  ease  of  the  Grenville  rocks. 

Field  work  in  the  Adirondacks  was  sadly  hindered  by  the 
almost  incessant  rainfall  during  July  and  August.  The  work 
was  confined  to  the  vicinity  of  Tupper  lake,  its  purpose  being  to 
determine  the  limit  of  the  Tupper  lake  augite  syenite  on  the 
west,  and  to  determine,  if  possible,  the  relations  of  the  syenite 
to  the  anorthosite  on  the  one  hand,  and  to  the  surrounding 
gneisses  on  the  other.  These  relations  are  exceedingly  obscure 
and  puzzling,  and  exposures  which  would  aid  in  deciphering 
them  were  not  forthcoming.  At  one  locality  unmistakable  ' 
anorthosite  was  found,  cut  by  what  was  taken  to  be  augite 
syenite.  The  intrusive  is  not  typical  and  can  not  be  traced 
to  connection  with  any  body  of  syenite,  yet  is  still  regarded 
as  being  of  that  rock.  The  syenite  was  found  to  run  well 
to  the  west  in  St  Lawrence  county,  and  is  well  exposed  in  the 
many  cuts  along  the  New  York  Central  and  Hudson  River 
railroad  between  Tupper  lake  and  Horseshoe.  Except  on  the 
east,  where  it  is  in  contact  with  anorthosite,  the  syenite  is  sur- 
rounded by  a  belt  of  granitic  gneiss  and  amphibolite,  and  the  two 
are  so  blended  and  intermingled  that  no  sharp  boundary  can  be 
drawn  between  them.  Moreover,  patches  of  the  one  are  found  in 
the  other,  and  vice  versa.  The  relations  are  such  that  the  two 
would  naturally  be  classed  together  as  parts  of  the  same  great 
series  of  gneisses.    The  workers  in  the  Adirondacks  have  found 
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these  syenite  gneisses  to  be  very  widespread,  extending  far 
beyond  the  limits  of  the  anorthosites,  and  it  is  an  important  ques- 
tion to  determine  their  exact  age  and  relations. 

At  the  close  of  the  season  the  pre-Cambrian  outcrops  at  Little 
Falls  and  at  the  "Noses"  in  the  Mohawk  valley  were  visited  to 
form  a  comparison  with  those  visited  farther  north.  The  rock 
at  Little  Falls  belongs  to  the  augite  syenites  insi:ead  of  to  the 
gabbros.  It  is  involved  with  granitic  and  gabbroio  gneisses 
which  clearly  are  closely  related  to  it  and  of  about  the  same  age. 
The  rock  at  the  "  !Nk)ses  "  is  a  quartzose  gneiss  whose  relation- 
ships are  quite  clearly  with  the  crystalline  limestone  series, 
though  no  other  rocks  of  that  series  were  noted. 

A  visit  was  also  made  to  Clinton  to  see  Prof.  Smyth's  collections 
from  the  western  Adirondacks  and  for  a  comparison  of  results 
and  conclusions.  As  the  work  of  the  two  observers  had  been 
wholly  independent,  the  harmony  in  conclusions  which  the  con- 
ference develox)ed  was  most  gratifying. 

Prof.  J.  F.  Kemp,  asisisted  by  Greorge  I.  Finlay,  has  continued 
his  studies  of  the  crystalline  rocks  north  of  the  Mohawk  valley. 
Five  weeks  were  spent  by  Mr  Finlay,  beginning  July  3^  in  detailed 
mapping  of  the  limestone  areas  which  occur  in  the  town  of 
Minerva,  Essex  co.  and  in  obtaining  evidence  as  to  the  relation 
between  the  surrounding  gneisses  and  anorthosites.  The  first 
two  weeks  was  sipent  around  Olmstedville.  A  third  week  was 
spent  on  the  limestone  area  along  the  Hudson  river  northward 
from  the  town  of  North  River  for  three  miles.  The  remaining 
two  weeks  were  occupied  in  tracing  the  limestones  along  the 
Boreas  river  for  two  miles  north  of  its  junction  with  the  Hud- 
son and  in  defining  the  similar  area  in  the  district  between 
Mink  pond  and  the  Boreas. 

A  visit  was  also  made  to  the  Chain  lakes  on  the  line  between 
Essex  county  and  Hamilton  county,  where  cliffs  of  limestone  en- 
tirely similar  in  character  to  those  in  the  town  of  Minerva  are 
exposed  along  the  north  shore.  The  ledges  of  limestone  which 
occur  along  the  Hudson  river  between  Blue  I^edge  and  the  mouth 
of  Cedar  river  were  also  mapped.    The  theory  that  the  lime- 
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etones  are  in  the  same  series  of  <altere(l  sedim'eii'ts  with  the  heavy 
bedded  gneisses  which  occur  throughout  the  greater  part  of  the 
town,  receives  support  from  the  obtainable  fact's  of  stratigraphy. 
Aq  far  as  could  be  ascertained,  the  limestones  lie,  very  generally, 
closely  parallel  with  the  gneisses,  and  in  some  cases  the  two  lie 
together  in  apparent  conformity. 

^UATE3RXARY   FORMATIONS 

The  study  of  the  Pleistocene  deposits  of  the  eastern  part  of 
the  state  was  assigned  to  Mr  J.  B.  Woodworth  of  Harvard  uni- 
versity, a  specialist  of  high  reputation  in  glacial  geology,  who 
has  made  a  detailed  survey  of  western  Ix>ng  Island  and  a  recon- 
naissance of  the  Hudson  river  valley  through  Lake  Champlain 
to  Monftreal  in  order  to  consider  the  evidences  of  marine  sub- 
sidence. 

The  month  of  June  was  spent  in  making  a  detailed  map  of  the 
Oyster  Bay  and  the  Hempstead  quadrangles  on  Long  Island. 
This  work  showed  the  existence  of  an  early  Pleistocene  seriesi  of 
gravels  and  sands,  locally  folded  and  involved  with  disturbed 
beds  of  underlying  Cretaceous.  This  Pleistocene  formation  is 
thought  to  be  the  equivalent  in  age  of  McGee's  Columbia  forma- 
tion. Resting  on  it  are  the  morainal  deposits  of  the  last  or  Wis- 
consin ice  epoch  with  an  outwash  plain  covering  the  southern 
half  of  the  island,  except  for  a  ridge  of  nonglacial  gravels  reach- 
ing the  sea  at  Far  Rockaway.  North  of  the  main  morainal  ridge 
is  a  line  of  sand  plains  with  attendant  morainal  deposits  skirting 
the  shore.  A  w^ater  level  80  feet  above  the  present  sea  le^-el  is 
marked  in  this  stage  by  a  well  defined  delta  at  Port  Washington. 
In  a  reconnaissance  of  the  area  to  the  west,  another  level  was 
determined  at;  about  40  feet.  The  relation  of  the  80  foot  terrace 
to  contemporaneous  sea  level  has  not  yet  been  determined,  but  the 
40  foot  level  appears  to  be  associated  with  numerous  evidences 
of  submergence  to  that  extent  early  in  the  period  of  ice  retreat. 
A  detailed  report  on  this  work  is  contained  in  bulletin  48. 

Subsequent  work  in  determining  the  limits  of  the  terminal 
moraines  on  eastern  Long  Island  was  done  by  Mr  J.  E:.  Woodman 
under  the  direction  of  Mr  Woodworth. 
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A  reoonnaisisaiice  of  the  valleTS  of  the  Hudson  river  and  Lake 
Ohamplain,  occupying  mo&t  of  the  months  of.  July,  August  and 
Septemjber,  was  undertaken  with  the  purpose  of  determining  the 
nature  and  extent  of  the  evidence  of  marine  transgression  clearly 
marked  in  the  latter  valley.  Beginning  on  the  south,  the  Hud- 
son valley  exhibits  several  series  of  glacial  deposits  correspond- 
ing to  as  many  temporary  halts  in  the  retreating  ice  front.  These 
deposits  are  successively  newer  as  one  proceeds  northward,  and 
each  stage  is  accompanied  by  terraces  bordering  the  present 
rivef  channel.  These  terraces  lie  on  an  older  rock  terrace  whose 
levels  have  been  approximately  determined  between  New  York 
and  Albany.  A  deeply  eroded  series  oif  glacial  clays  was  traced 
to  within  a  few  miles  of  Peekskill.  Between  Croton  point  and 
Haverstraw  there  extends  the  trace  of  a  moraine  with  an  attend- 
ant frontal  plain  or  delta,  best  marked'  at  the  mouth  of  Oroton 
river.  At  Peekskill  deltas  and  terraces  occur  at  an  elevation  of 
from  100  to  120  feet,  the  deposit  at  Jones  Point  having  appar- 
ently been  laid  down  in  contact  with  ice  in  the  Hudson  channel. 

Another  terrace  of  this  nature  occurs  at  West  Point  at  an 
elevation  of  180  feet.  North  of  the  Highlands,  clays  reappear, 
capped  at  Newburg  by  glacial  outwash  contemporaneous  with 
kames,  indicating  the  presence  of  masses  of  ice  just  west  of 
that  city.  From  the  mouth  of  Wappinger  creek  and  thence  north 
of  Poughkeepsie  the  Hudson  valley  is  again  free  of  clays  and 
contains  deposits  of  gravel  and  sand,  showing  the  occupation  of 
the  valley  by  ice  remnants.  Near  Coxsackie  the  clays  reappear 
and  continue  northward  to  and  beyond  Albany,  forming  a  part 
of  the  delta  of  the  Mohawk. 

East  of  Albany  and  Troy  there  is  a  possible  shore  line  at  about 
380  feet.  The  full  interpretation  of  this  apparent  water  level 
dej^endis  on  work  yet  to  be  carried  on  in  the  Champlain  valley. 

A  reconnaissance  of  the  country  within  a  radius  of  10  to  15 
miles  of  Fort  Edward  revealed  a  variety  of  glacial  deposits, 
most  of  which  are  contemporaneous  with  masses  of  land  ice. 
No  definite  shore  lines  were  discovered. 
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The  clays  of  the  upper  Hudson  valley  were  traced  as  eroded 
remnants  of  a  once  thicker  formation  from  Port  Ann  through 
Comstock  to  Whitehall,  thus  connecting  the  upper  Hudson  de- 
posits with  those  of  Lake  Champlain. 

In  the  Lake  Champlain  area  definite  beachee  were  determined 
near  Port  Kent  at  elevations  as  high  as  590  feet,  according  to  the 
contour  map.  The  tracing  of  these  lines  was  not  completed  when 
Mr  Woodworth  was  obliged  to  leave  the  field. 

A  visit  was  made  to  Mount  Royal  in  Montreal  with  the  result 
of  reaching  an  essential  agreement  with  the  opinion  of  Baron 
De  Geer  that  the  sea  stood  in  Pleistocene  time  as  high  ae  620 
feet  on  the  sides  of  that  mountain. 

In  conclusion  the  results  of  the  field  work  for  the  season  just 
past  afford  no  decisive  evidence  of  submergence  in  the  lower 
Hudson  valley,  but  make  it  probable  that  there  was  water  at  sea 
level  in  the  upper  Hudson  connected  with  the  Champlain  area. 
It  remains  to  determine  by  future  special  work  the  marine  origin 
of  the  highest  beaches  in  the  Champlain  area  and  the  southward 
limit  of  these  traces  in  the  upper  Hudson  valley.  This  work  may 
modify  the  general  conclusions  here  eet  forth.  In  the  report 
which  Mr  Woodworth  is  now  preparing  will  be  given  the  descrip- 
tion of  the  phenomena  as  they  were  observed. 

Prof.  H.  L.  Fairchild  of  the  University  of  Rochester  has  con- 
tinued under  the  auspices  of  the  state  the  studies  of  the  lake 
basins  and  valleys  of  central  New  York  which  he  began  some 
years  ago,  and  will  soon  prepare  for. publication  a  valuable  report 
on  this  important  subject. 

In  the  work  of  the  past  season  the  larger  part  of  July  and 
August  were  spent  by  him  in  the  field,  with  short  trips  during 
the  subsequent  months.  The  work  was  spread  over  central- 
western  New  York,  but  was  mainly  done  in  three  districts. 
1)  The  district  east  of  Syracuse,  or  between  Syracuse  and  Oneida; 
the  phenomena  being  the  remarkable  series  of  channels  cut  by 
the  glacial  waters  escaping  toward  the  Mohawk.  2)  The  district 
southwest  of  Buffalo,  or  the  Cattaraugus-Chautauqua  region;  the 
work  being  the  examination  of  the  divide  with  reference  to  the 
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escape  of  the  higher,  glacial  waters,  and  of  channels  and  shore 
lines  on  the  slope  facing  the  Erie  basin.  3)  The  region  of  the 
matured  shore  line  of  Lake  Iroquois  between  Richland  and 
Watertown.  To  the  first  district  three  trips  were  made ;  to  the 
second  district,  two  trips;  and  to  the  third  district,  one  trip. 

The  work  was  not  completed  in  either  the  east  or  west  dis- 
tricts, as  unexpected  and  important  phenomena  were  discovered. 
Final  work  on  the  Morrifiville  quadrangle  was  deferred  in  order 
to  wait  for  the  engraved  map,  the  photolithograph  being  unsatis- 
factory. A  large  body  of  new  and  interesting  facts  has  been 
noted  and  mapped,  and  one  or  two  more  seasons  of  field  work 
will  put  the  results  in  good  ehape  for  publication. 

ECONOMIC  GBOIiOGY 

Dr  Heinrich  Ries  of  Cornell  university  has  completed  an  im- 
portant report  on  the  lime  and  cement  industries  of  the  state, 
which  is  now  in  the  printer's  hands.  The  report  on  clay  indus- 
tries of  New  York  by  the  same  author  is  printed  and  nearly 
ready  for  distribution. 

Mr  A.  L.  Parsons  has  studied  the  recent  developments  in  the 
production  of  gypsum, 

H.  T.  Dickinson,  during  the  past  season,  has  spent  four  months 
in  the  field  study  of  the  deposits  and  quarries  of  bluesitone  and 
flagstone  in  New  York.  An  article  on  quarries  of  southeastern 
New  York  has  been  prepared  by  Mr  E.  C.  Eckel.  This  work  is 
part  of  that  which  has  been  initiated  for  the  preparation  of  a 
new  publication  on  the  building  stones  of  New  York. 

Tests  of  road  metal 

By  arrangement  made  with  William  H.  Burr  O.  E.,  professor 
of  civil  engineering  in  Columbia  university,  a  number  of  speci- 
mens of  rock  used  in  various  parts  of  the  state  for  road  metal 
were  tested  in  the  engineering  laboratory  at  Columbia  university. 
The  method  of  testing  was,  in  general,  that  described  in  museum 
bulletin  no.  17,  entitled  Road  matet^ials  cmd  road  buildmg  in  New 
York,  and  the  results  are  given  in  the  following  tables. 

The  tests  were  conducted  under  the  direction  of  Prof.  Burr  by 
Prof.  A.  Bla-ck,  his  assistant. 
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Report  of  abrasion  tests 


Test  DO. 


Sample 


1  Cooklin  &,  Foss,  Rockland  Lake 

2  "  " 

3  J.  S.  Lane  &  Son,  Weebawken  N.  J. 

4  F.  E.  Conley,  B,  Munnsville 

5  F.  E.  Conley,  A,  Higginsville 

6  "  '< 

7  A.  L.  Swett  iron  works,  Medina 

8  ''  " 

9  Whitmore,  Rauber  &  Vicinus,  Rochester 

10  "  ** 

11  Isaac  Wagar,  Saratoga  Spriugs 

12  "  " 

13  Helderberg  cement  co.  Howe  Cave 

14  «  '' 

15  Tomkins  Cove  stone  co.  Tomkins  Cove 

16  "  '* 

17  Barber  asphalt  paving  co.  Buffalo 

18  "  '* 

19  Brown  &  Fleming,  Verplanck 

20  "  " 

21  BnJffalo  cement  co.  limited,  Buffalo 

22  "  *' 

23  C.  Worlock,  Perryville 

24  "  '• 

25  C.  B.  Whitmore,  Lockport 

26  *<  <* 

27  W.  T.  Smith,  Sharon  Springs 

28  **  " 

29  The  Carpenter  Bros.  Co.  Guttenberg  N.  J. 

30  "  " 

31  Newark  lime  and  cement  co.  Rondout 

32  Mohawk  Valley  stone  co.  Palatine  Bridge 

33  Dwight  Babcock,  Waterloo 

34  **  '' 

85  F.  E.  Conley,  C,  Oriskany  Falls 

36  "  '' 

37  R.  Dunlop  &>  Co.  Jamesville 

38  "  " 

39  Callanan  road  impt.  co.  South  Bethlehem 

40  «  " 

41  Chazy  marble  lime  co.  Chazy 

42  "  '< 

43  Round  Island  granite 

(Daniel  E.  Donovan,  New  York) 

44  A.  Shear  &,  Co.  Schenectady 

45  Hudson  Riv.  stone  sup.  co.  New  Hamburg 
46 


(I 


t( 


ABBA8IOK 

CoefSl*    Percent 
cient 

Kemarkt 

16.81 

2.38 

diabase  (trap) 

14.9 

2.68 

(( 

14.39 

2.78 

It 

9.08 

4.4 

limestone 

8.09 

4.94 

sandstone 

9.08 

4.4 

(( 

9.64 

4.15 

•« 

9.08 

4.4 

(( 

13.44 

2.98 

limestone 

11.84 

3.38 

u 

9.38 

4.26 

(t 

9.97 

4.01 

(< 

6.32 

6.32 

ti 

6.41 

6.24 

n 

5.42 

7.37 

n 

4.91 

8.11 

it 

8.68 

4.6 

l{ 

8.82 

4.53 

it 

7.04 

5.68 

,         it 

6.22 

6.33 

(I 

9.67 

4.13 

a 

8.38 

4.78 

n 

6.78 

5.89 

it 

6.97 

5.74 

i< 

11.43 

3.5 

sandstone 

11.58 

3.46 

it 

7.18 

5.58 

limestone 

7.41 

5.4 

(( 

15.99 

2.56 

diabase  (trap) 

14.55 

2.75 

(( 

9.21 

4.34 

limestone 

9.13 

4.38 

a 

8.2 

4.88 

It 

7.98 

5.01 

t( 

10.22 

3.91 

it 

10.3 

3.88 

It 

7.77 

5.15 

tt 

7.63 

5.24 

it 

9.22 

4.34 

tt 

9.12 

4.39 

it 

7.8 

5.13 

tt 

8.01 

5 

ti 

12.51 

3.2 

granite 

9.04 

4.43 

sandstone 

13.01 

3.17 

limestone 

13.35 

3 

tt 

i 
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Report  of  impact  tests 
Test  no.  Sample  No.  of  blows 

1  &  2    Conklin  &  Fose,  Rockland  Lake  56 

65 
46 
52 
64 
50 

3    J.  S.  Lane  &  Son,  Weehawken,  N.  J.  16 

19 
19 
20 
18 
17 

4    F.  E.  Conley,  B,  Munnsville  3 

4 
4 
5 
4 
3 

5  &  «    F.  E.  Conley,  A,  Higginsville  18 

24 
19 
17 
17 
18 

7  &  8    A.  L.  Swett  iron  works,  Medina  12 

9 

12 
9 

10 
11 
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Test  no.  Somiyle  No.  of  blows 

9  &  10    Whitmore,  Rauber  &  Vicinus,  Rochester  7 

3 
4 

6 

4 

4 

& 


11  &  12    Isaac  Wagar,  Saratoga  Springs  2 

2 
3 
3 
2 
2 


13  &  14    Helderberg  cement  co.  Howe  Cave  12 

10 
14 
9 
14 
14 


15  &  16    Tomkins  Cove  stone  co.  Tomkins  Cove  10 

11 


17  &  18    Barber  asphalt  paving  co.  Buffalo  17 

20 
27 
36 
36 


19&20    Brown  &  Fleming,  Verplanck  0 

0 
0 
0 
0 
0 
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Test  no.  Sample  No.  of  blows 

21  &  22    Buffalo  cement  eo.  limited,  Buffalo  17 

17 
20 
21 
29 
24 
28 
26 


23  &  24    0.  Worloek,  Perryville  8 

11 
10 

11 

7 

10 

13 


25  &  26    C.  B.  Whitmore,  Lockport  2 

3 
6 
5 
5 
2 
3 


27  &  28    W.  T.  Smith,  Sharon  Springs  37 

50 

65 

(imperfect)     12 


29  &  30    The  Carpenter  Bros.  Co.  Guttenberg  N.  J.  50 

61 
49 
55 
65 
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Test  no. 

31 

Sample 

Newark  lime  &  cement  co.  Rondout 

No.  ( 

)£  blows 

12 
12 
14 
14 

32 

Mohawk  Valley  stone  co.  Palatine  Bridge 

9 

8 

10 

12 

33&34 

Dwight  Babcock,  Waterloo 

16 
15 
17 
21 
19 
17 

35&36 

F.  K.  Conley,  C,  Oriskanv  Falls 

24 
20 

25 

24 

24 

37&38 

R.  Dunlop  &  Co.  Jamesville 

12 

• 

13 
16 
14 
9 
10 
11 

39&40 

Callanan  road  improvement  co.  South  Bethlehem 

44 

50 

• 

51 

40 

47 

45 
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Test  no.  Sample 

41  &  42    Chazy  marble  lime  co.  Chazy 


No.  of  blows 

21 
21 
26 
39 
36 
28 


43    Bound  Island  granite, 

(Daniel  E.  Donovan,  New  York) 


10 
12 

18 
8 


44    A.  Shear  &  Co.  Schenectady 


41 
40 
35 
55 


45  &  46    Hudson  River  stone  supply  co.  New  Hamburg 


40 
35 
55 
46 
58 
56 


The  following  additional  tests  were  made  for  the  state  engi- 
neer, Hon.  Edward  A.  Bond,  and  have  been  published  in  his 
annual  report  for  1900. 


LOOAUTT  or  QUABBT 


Clinton    point,     near 
Ponghkeepsie 


WRAR 

Name  of  stones 

Coeffi- 
cient 

Per 
cent 

Gray  limestone. 

13.8 

2.9 

Cemen- 
tation 
valae 


39 


Where  ased 


Used  for  base  of  9 
miles  of  roads  in 
eastern  New  York, 
bailt  by  state  in 
1899  and  1900,  and 
also  for  base  and 
top  of  many  roads 
in  vicinity  of  New 
York 
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Additional  tests  (continued) 


LOCALITY  OF  QUAHBY         Name  of  stones 


Little  Falls,  Herkimer 
CO.,  Moss  island,  Mo- 
hawk river 


Olacial  driftfieid  stone, 
near  Rochester,  Mon- 
roe CO. 

Glacial  drift  field  stone, 
near  Rochester,  Mon- 
roe CO. 

Seneca   Clark  quarry 
12   miles    south    of 
Syracuse,  near    La- 
fayette,     Onondaga 

CO. 

National  wall  plaster 
CO.  Jamesville,  On 
ondaga  co. 

Alvord  quarries,  near 
east  line  of  town  of 
Onondaga,  Ononda- 
ga CO. 

Split  Rock  quarries, 
Solvay  process  co. 
town  of  Onondaga, 
also  Indian  quarries, 
on  n.  e.  part  On- 
ondaga reservation, 
also  Jamesville  quar- 
ries near  peniten 
tiary    of    Onondaga 

CO. 

Indian  quarries,  over- 
lying the  gray,  on 
n.  e.  part  Ouondaga 
reservation 


Buffalo  cement  co. 
quarries,  in  north 
part  of  Buffalo 


< 


Bluestone  quarry  near 
Phoenicia,  Ulster  oo. 

^aterworn  stones  from 
bed  of  Esopus  creek, 
near  Phoenicia,  Ul- 
ster CO.  (similar  to 
the  quarry  stones) 


Hornblendic 
gneiss 


Red  sandstone 


White  sandstone 


Gray  sandstone 


Limestone 


Blue  limestone 


Gray  limestone 


Blue  limestone 


Buffalo  Plains 
limestone,  with 
little  embed- 
ded flint 

Buffalo  Plains 
limestone,with 
much  embed- 
ded flint 


Blue  sandstone 
Blue  sandstone 


WEAR 


Coeffi- 
cient 


15.16 


9.03 


11.05 


5.97 


10.95 


9.14 


6.2 


5.99 


8.29 


9.66 


11.17 
10.42 


Per 
cent 


2.64 


4.43 
3.62 
6.69 


3.65 
4.38 

6.45 


Cemen- 
tation 
value 


6.68 


4.82 


4.14 


3.58 
3.84 


10 


16 
24 
68 


15 


89 


22 


33 


67 


94 


39 
11 


Where  used 


Used  for  base  and 
top  of  1  mile  of 
Frankfort  and 
Utica  road,  built 
by  state  in  1900 


Used  for  base  of 
Little  Ridge  road 
west  from  Roch- 
ester 6  miles, 
built  by  state 
during  1899  and 
1900 


Used  for  base  of  2 
miles  of  James  st. 
and  Cortland  st. 
roads,  near  Syra- 
cuse,  built  by  state 
in  1899  and  1900 


< 


'Used  for  base  and 
top  of  33  miles 
of  16  foot  road- 
ways in  10  cities 
and  towns  of 
western  New 
York  during  the 
years  1893  to 
1900;  used  for 
base  of  6  miles 
of  state  road 
near  Buffalo 

Used  for  base  and 
top  of  6  miles  of 
Ulster  and  Dela- 
ware road,  built 
near  Phoenicia 
by  state  in  1900 
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Additional  tests  (concluded) 


• 

Name  of  stones 

WEAR 

Cemen- 
tation 
value 

LOCAUTY  OF  QUARRY 

Coeffi- 
cient 

Per 

cent 

Where  used 

Smith  &  Post  quarry, 
West  Catskill 

Saudstone,  £so- 
pus  grit 

8.52 

4.69 

60 

Turtle   Pond    quarry, 
Kaaterskill 

Sbaly  gray  New 
Scotland  lime- 
stone 

10.09 

3.96 

68 

Holdridge  quarry, 
Kaaterslkill 

Beoraft    reddish 
gray     crystal- 
line limestone 

7.61 

5.25 

56 

Tests  of  trap  rock  from  report  of  Mass.  highway  commission  igoo 


LOCALITY  OF  QUARRY 


Amherst « Mass 

Beverly  Mass 

Boundbrook  N.  J 

Byram  Station  N.  J... 

Great  Notch  N.  J 

Rockland  Lake  N.  Y.. 

Lynn  Mass 

Mleriden  Ct 

Milton  Mass 

West  Springfield  Mass. 


Millington  N.  J: 


Averages 


Name  of  stones 


Diabase  (trap).. 

Diabase  (trap).. 

Basalt  (trap)... 

Basalt  (trap)... 

Diabase  (trap).. 

Diabase  coarse 
(trap) 

Diabase  (trap).. 

Diabase  (trap).. 

Diabase  (trap) . . 

Diabase  porphy- 
ry (trap) 

Trap   


WEAR 

Coeffi- 

Per 

cient 

cent 

20.33 

1.97 

16.71 

2.39 

18.61 

2.15 

26.93 

1.49 

18.59 

2.15 

17.79 

2.25 

18.17 

2.20 

15.49 

2.58 

22.77 

1.75 

22.14 

1.81 

19.64 

2.04 

19.91 

2.06 

Cemen- 
tation 
value 


62 
14 
16 
31 
36 

13 


28 
34 

17 
53 


30 


Where  used 


GEOIiOGIC    MAP 

The  compilation  of  the  base  for  the  new  geologic  maip  by  C.  C. 
Vermeule  C.E.  is  completed,  and  a  contract  for  the  publication 
of  2000  copies  has  been  made  by  the  state  printer  with  the  firm 
of  Julius  Bien  &  Co.  The  base  is  now  being  photolithographed, 
and  proofs  of  two  sheets  have  been  submitted.  The  correction  of 
the  proof  and  the  compilation  and  drafting  of  the  geology  are 
rapidly  progressing,  and  it  is  expected  that  the  new  edition  will 
be  ready  for  distribution  by  the  close  of  the  next  calendar  year. 


RECENT  GEOLOGIC  WORK  IN  FRANKLIN 
AND  ST  LAWRENCE  COUNTIES 


BY 

H.  P.  GUSHING 


CONTENTS 


latroductiou r25 

Topography r25 

Sands  in  the  northern  portion  of  the  lalie  belt r28 

Observations  in  the  anorthosite  area r30 

General  statement r31 

Section  between  Saranac  and  Lake  Clear,  N.  Y.  C.  &  H.  R.  R.  R.  r32 

Exposures  in  the  vicinity  of  Saranac r35 

Section  west  from  Saranac  Inn  station,  N.  Y.  C.  &  H.  R.  R.  R . . .  r37 

Exposures  about  Brandon r39 

General  summary  of  previous  sections r40 

Observations  along  the  southwest  anorthosite  boundary r41 

Section  from  Tupper  lake  to  Rollins  pond,  N.  Y.  C.  &  H.  R.  R.  R.  r42 

Section  from  Tupper  Lake  village  toward  Wawbeek r44 

Relation  of  augite  syenite  to  gneiss r47 

Section  from  Tupper  Lake  junction  to  Horseshoe r47 

District  between  Big  Tupper  lake  and  Horseshoe  pond r52 

General  conclusions r57 

Classification  of  the  Adirondack  pre-Cambrian r58 

Recent  work  of  Kemp  and  Smyth r60 

Relationship  of  the  syenite  and  granite  to  anorthosite r62 

The  eruptive  core  of  the  Adirondacks r64 

Order  of  succession  of  the  Adirondack  eruptives r68 

Chemical  analyses  and  discussion r68 

Molecular  ratios r69 

Discussion  r70 

General  characters  of  the  Adirondack  eruptives r75 

Nomenclature r79 


New  York  State  Museum 


liEGENT  GEOLOGIC  WORK  IN  FRANKLIN  AND  ST  LAW- 
RENCE COUNTIES 

INTRODUCTION 

The  work  done  in  Franklin  county,  since  the  preliminary  report 
on  the  geology  of  that  county  published  in  the  18th  annual  report 
of  the  state  geologist  was  written,  has  had  for  its  main  object  the 
determination  of  the  age  and  relationships  of  the  augite  syenite. 
As  the  tract  of  which  Tupper  lake  is  the  center  seemed  to  offer 
the  most  promise  for  this  investigation,  the  work  has  been  mainly 
in  that  vicinity.  The  establishment  of  the  limits  of  this  syenite 
area  has  necessitated  carrying  the  work  over  into  the  eastern  tier 
of  townships  in  St  Lawrence  county.  In  addition,  certain  tracts 
in  Franklin  county,  which  had  been  left  unvisited  during  the 
previous,  hurried  work,  have  received  attention. 

TOPOGRAPHY 

The  following  notes  on  the  topography  are  supplementary  to 
the  general  discussion  of  that  matter  in  th^  ISth  annual  report. 
What  may  be  called  the  "  lake  belt "  is  a  most  impressive  fea- 
ture in  the  Adirondack  region.  While  ponds  and  small  lakes 
abound  throughout  the  district,  they  are  much  more  numerous 
in  this  belt  than  elsewhere,  and  it  has  other  peculiar  topographic 
features.  It  naay  be  said  to  extend  from  Loon  lake  in  a  south 
southwest  direction  to  First  lake  of  the  Fulton  chain.  It  is 
widest,  and  contains  water  bodies  most  numerously  in  southern 
Franklin  county.  It  is  sharply  marked  off  from  the  district  just 
east,  the  district  of  the  high  Adirondack  peaks,  by  its  low  relief. 
Rock  ridges  are  abundant  but  rise  very  little  above  the  general 
valley  levels,  one  or  two  hundred  feet  in  general  as  a  maximum. 
Hills  of  sufficient  elevation  to  be  locallv  dubbed  mountains  and  to 
receive  naimes  are  exceptional,  though  such  do  occur;  even  then, 
they  will  not  bear  comparison  with  the  peaks  to  the  east,  where 

Such  are  the  rule.    Wide  tracts  occur  of  very  insignificant  relief 

3'et  with  abundant  rock  ridges. 

The  contrast  with  the  district  on  the  we^t  is  less  striking, 

tbsngh  of  the  same  kind;  there  is  much  more  diversity  of  surface 
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than  in  the  lake  belt,  though  this  western  district  bears  no  com- 
parison with  the  eastern  in  ruggednees.  These  differences  are 
most  emphasized  where  the  belt  is  widest,  that  ie,  in  southern 
Franklin  county.  The  writer  is  not  sufficiently  familiar  with  the 
belt  in  Hamilton  county  to  know  whether  they  are  recognizable 
there  or  not,  but  there  can  'be  no  question  of  their  prominence  in 
Franklin. 

While  this  belt  is  depressed  below  the  general  level  of  the 
country  on  each  side,  no  cause  for  its  existence  can  be  discovered 
in  the  character  of  its  underlying  rocke.  The  lake  belt  is  not  a 
belt  of  softer,  or  less  resistant  rocks,  but  is  constituted  of  pre- 
cisely the  same  rocks  as  the  adjoining  belts.  Throughout  a  large 
part  of  it  the  surface  rock  is  anorthosite,  the  most  resistant  of 
the  Adirondaek  rocks.  Augite  syenite  is  the  next  rock  in  abund- 
ance as  it  is  in  resistance.  The  rocke  of  the  lake  belt  are  in  no 
sense  weaker  than  in  the  belts  of  higher  altitude  and  greater 
relief  adjoining. 

The  belt  has  many  features  which  indicate  that  it  was  the  path 
of  a  considerable  preglacial  drainage  system.  The  alinement  of 
Long  lake,  the  Raquette  river  from  Long  lake  to  Axton,  and 
Upper  Saranac  lake  strongly  suggests  some  such  drainage  val- 
ley. Along  the  river  and  Upper  Saranac  lake  the  low  rock 
ridges  trend  east  and  west,  at  right  angles  to  the  main  valley. 
The  rocky  points  which  project  into  the  lake  and  the  narrow 
bays  which  run  in  between  them  are  precisely  like  inter- 
stream  spurs  and  drowned  tributary  valleys,  and  many  of 
the  outlying  ponds  fall  into  alinement  with  the  bays.  Upper 
Saranac  lake  occupies  a  preglacial  valley,  dammed  at  its  south 
end  by  a  moraine  and  at  the  north  by  heavy  sand  deposits, 
which  largely  cover  and  hide  a  moraine  there,  so  that  the 
present  outlet  is  at  the  side  through  one  of  the  old  tribu- 
tary valleys.  Lower  Saranac  lake  occupies  another  such 
valley  with  a  morainic  dam  at  its  northern  end,  apparently 
the  same  moraine  by  which  Lake  Placid  is  held  up.  Whether 
the  basin  of  either  of  these  lakes  was  deepened  by  glacial  action 
or  not  can  not  be  stated,  but  clearly  such  deepening  is  but  trivial 
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if  it  exists.  There  is  no  sudden  shallowing  of  the  water  in  pass- 
ing from  the  main  lake  into  the  bavs,  nor  are  the  lakes  them- 
selves specially  deep.     They  also  contain  numerons  rock  islands. 

It  is  not  believed  that  the  presence  of  this  preglacial  drainage 
system  in  any  way  accounts  for  the  topographic  peculiarities  of 
the  lake  belt.  It  is  too  sharply  and  abruptly  marked  off  from 
the  adjoining  districts,  that  to  the  east  particularly.  It  is,  rather, 
believed  that  it  m  sl  structural  depression.  The  evidence  that 
the  mountainouis  belt  to  the  east  is  along  an  axis  of  compara- 
tively recent  uplift  has  been  presented  in  the  18th  annual  report. 
Meridional  faults  of  large  throw  are  present;  and  it  is  thought 
that  the  uplift  has  been  mainly  effected  by  differential  move- 
ments along  the  fault  planes.  The  most  reasonable  explanation 
of  the  lake  belt  is  that  it  is  a  dropped  fault  block,  the  district 
to  the  east  having  been  largely  uplifted  with  respect  to  it.  that 
to  the  west  much  less  so.  The  following  topographic  features 
seem  to  fall  in  line  with  this  explanation. 

In  the  eastern  Adirondacks  the  altitude  and  relief  are  con- 
siderable, and  the  hilltops  rise  to  various  levels,  with  little  sign  of 
that  concordance  in  altitude  which  might  reasonably  be  expected 
in  such  an  old  land  area,  as  marking  period's  of  rest  between 
the  various  uplifting  movements  which  the  region  has  undergone. 
In  St  Lawrence  county,  in  the  western  Adirondacks,  the  numer- 
ous hills  and  ridges  do  attain  very  coincident  altitudes  and 
strongly  suggest  a  peneplain  with  occasional  monadnocks  rising 
above  the  general  level.  In  the  pre-Cambrian  district  in  central 
Ontario,  which  the  writer  had  the  plea<?ure  of  seeing  last  sum- 
mer, under  the  guidance  of  Dr  A.  E.  Barlow  of  the  Canaddan 
survey,  the  same  accordant  altitudes  of  the  ridge  crests  were 
noted  and  commented  on.  The  slight  relief  in  the  lake  belt  has 
been  already  noted.  Xow,  recent  uplifting  in  varying  degrees 
along  the  meridional  faults  of  the  eastern  Adirondacks  would 
have  largely  obscured  or  destroyed  the  traces  of  such  previous 
accordance  there,  and  is  thought  to  be  the  most  probable  cause 
of  their  absence.  The  known  i)resenee  of  such  faults  and  the 
impressive  fault  scarps  which  are  such  a  prominent  feature  in 
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the  eastern  Adirondacks,  though  not  conspicuous  in  the  west,  are 
corroborative  features. 

Most  of  the  Adirondack  rivers  have  their  head  waters  in  this 
lake  belt,  the  Saranac,  Raquette,  St  Regis,  Moose  and  Beaver 
and  some  of  the  branches  of  the  Hudson  for  example;  and  the 
divides  between  them  are  of  the  most  insignificant  character. 
Hence  the  great  travel  by  boat  through  this  section  of  the 
woods,  the  various  carries  (portages)  being  short  and  not  diffi- 
cult for  the  most  part. 

Sands  in  the  northern  portion  of  the  lake  belt 

Throughout  the  northern  part  of  this  belt,  from  Upper 
Saranac  to  Loon  lake  and  beyond,  great  quantities  of  sand 
are  spread  out.  From  Floodwood  to  Mountain  View  the  road- 
bed of  the  New  York  Centi*al  and  Hudson  River  railroad  is 
on  sand  for  the  entire  distance,  a  few  fills  and  rock  cuts 
alone  excepted.  The  breadth  of  the  sand  belt  is  also  con- 
siderable, and  the  rock  ridges  stand  buried  to  their  knees  in 
it.  In  general  the  depth  does  not  seem  very  great,  though 
precise  data  are  lacking.  The  host  of  ponds  about  the  north  end 
of  Upper  Saranac  lake,  including  Lake  Clear,  Upper  St  Regis,  and 
the  north  end  of  Upper  Saranac  lake  also  have  their  shores  in 
large  part  or  entirely  of  sand,  and  occupy  hollows  in  the  sand 
plain.  The  summits  of  morainic  ridges  sometimes  protrude 
through  the  sand,  and  sometimes  it  is  built  up  into  an  eskarlike 
ridge.  All  fine  material  is  thoroughly  washed  out  of  it,  and  in 
the  main  it  is  very  even  grained,  though  holding  occasional  peb- 
bles. Within  a  few  feet  of  the  summit  there  is  often  a  coarse 
gravel  streak  from  1  to  3  feet  in  thickness,  and  occasionally  the 
sand  is  capped  by  a  coarse  gravel.  Cross  bedding  abounds.  The 
ordinary  sand  is  of  a  yellowish  brown  color,  but  the  iron  has 
often  been  leached  out  of  the  upper  foot  or  two  by  the  reducing 
action  of  the  organic  matter  from  the  decaying  plant  roots,  turn- 
ing the  color  from  yellow  brown  to  white.  Below,  the  iron  has 
rapidly  oxidized  again  and  been  deposited  as  a  cement  between 
the  sand  grains,  forming  a  firm  and  quite  impervious  hard  pan 
layer. 


ill 


si 
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These  sand's  are  up  on  the  main  watershed  of  the  region,  the 
lakes  being  the  sources  of  the  principal  streams.  There  are  no 
present  streams  which  could  have  laid  them  down,  and  their 
source  must  therefore  be  sought  in  glacial  streams  which  no 
longer  exist.  They  can  not  have  been  deposited  by  lakes,  un- 
aided by  streams,  since  the  action  of  lakes  on  shores  of  glacial 
material  is  to  wash  away  the  sand  and  mud  out  into  the  lake  and 
form  gravelly  or  cobbly  shores,  such  as  those  of  Big  Tupper  lake. 
The  sands  away  from  the  heart  of  the  region  are  easy  of  expla- 
nation. They  are  along  the  present  streame,  and  were  laid  down 
by  them  in  aggrading  their  valleys,  when  overloaded  with  mate- 
rial, shortly  after  the  ice  retreat,  probably  aided  by  temporary 
ice  dams,  or,  still  lower  down,  were  pushed  out  as  delta  deposits 
by  these  same  streama  in  the  higher  levels  of  the  bodicB  of  stand- 
ing water  which  occupied  the  St  Lawrence  and  Champlain  valleys 
in  the  closing  stages  of  the  glacial  period.  But  the  high  level 
sands  in  the  lake  belt  were  transported  by  streams  which  no 
longer  exist. 

In  the  writer's  opinion  these  sands  were  probably  deposited  as 
deltas  in  a  large  and  irregular,  shallow  lake  formed  back  of  the 
ice  tongue  which  occupied  the  lake  belt  during  its  slow  retreat 
north,  the  material  being  furnished  by  the  subglacial  and  en- 
glacial  streams  flowing  into  the  lake  at  the  ice  margin.  The 
massing  of  the  sands  in  the  north  half  of  the  belt,  north  of  the 
watershed,  indicates  this.  This  remains  as  the  only  one  of  sev- 
eral working  hyi)otheses  that  suggested  themselves,  which  it  has 
not  been  necessary  to  abandon  for  some  reason  or  other;  and  no 
other  hypothesis  has  suggested  itself.  The  basin  of  Upper  Sar- 
anac  lake  is  thought  to  have  been  occupied  by  an  ice  tongue 
which,  lingering  longest  where  it  was  thickest,  prevented  the 
washing  of  sand  into  the  hollow  while  the  stream®  spread  it  out 
along  the  sides  of  the  ice  tongue.  A  majority  of  the  hollows  in 
which  the  other  ponds  lie  would  seem  to  have  a  similar  origin, 
that  is,  blocks  of  ice  were  left  stranded  during  the  general  ice 
retreat,  the  sands  were  washed  over  and  around  them,  and  then 
the  slow  melting  away  of  the  ice  left  the  hollow  in  which  the 
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water  now  nestles.  Loon  lake,  one  of  the  larger  lakes  of  this 
class,  has  its  shores  entirely  of  these  sands,  which  are  widespread 
around  it. 

The  possibility  that  there  was  a  considerable  lake,  formed  in 
this  belt  back  of  the  ice,  must  be  borne  in  mind  in  further  work 
in  the  region.  Its  presence  is  not  necessary  in  order  to  explain 
the  presence  of  the  sands.  These  could  have  been  formed  equally 
as  well  in  small,  local  ponds  at  the  ice  edge.  The  question  needs 
more  careful  and  painstaking  work  than  it  has  yet  been  possible 
to  bestow  on  it.  Did  such  a  lake  exist,  it  would  be  far  more 
deserving  of  the  name  "  Lake  Adirondack  "  than  the  water  body 
in  the  Lower  Saranac  and  Ausable  valleys  to  which  the  name 
has  been  applied  by  Taylor.^  That  there  were  lakes  in  these  val- 
leys held  up  by  the  ice  tongue  which  yet' lingered'  in  the  Cham- 
plain  valley  is  beyond  question.  But  it  is  not  certain  that  they 
wei*e  ever  confluent,  and  they  were  not,  strictly  speaking,  in  the 
Adirondacks. 

OBSERVATIONS    IN    THE    ANORTHOSITE    AREA 

During  the  hurried  field  work  of  1898,  hurried  because  of  the 
large  area  of  which  the  writer's  instructions  required  the  map- 
ping, the  boundaries  of  the  large  anorthosite  area  of  southeast 
Franklin  county  were  followed  and  mapped,  but  the  district  was 
not  sufficiently  crosscut  to  exclude  the  possibility  of  the  presence 
of  considerable  masses  of  other  rocks  within  the  heart  of  the 
area.  With  this  possibility  in  mind  and  for  the  added  purpose 
of  ascertaining  what  signs  of  differentiation,  if  any,  the  mass 
showed,  the  district  was  revisited  in  1899.  The  result  of  the 
work  was  to  show  that  the  area  is  constituted  of  anorthosite 
throughout,  except  for  small  intrusions  of  later  gabbro  and  a  few 
granite  and  syenite  dikes  of  no  great  extent.  It  also  showed  a 
certain  amount  of  differentiation,  though  very  slight  in  amount 
when  the  size  of  the  mass  is  taken  into  consideration. 

^Taylor,  F.  B.    Am.  geol.  1896.   19:392-96. 


H.  P.  OuihlDg,  pboto. 

Nearer  view  ol  the  steep  si 
eim  rieeB  quite  sheer  for  boun 


RBPORT  OF  THB  DIBBGTOR  AND  8TATB  G0OLOOI8T  1900  r31 

General  statement 
Good  exposures  abound  through  most  of  the  anorthosite  dis- 
trict. The  New  York  Central  and  Hudson  River  railroad  cuts 
across  it  from  Rollins  pond  to  Saranac,  affording  numerous  rock 
cuts  in  the  low  ridges  which  protrude  through  the  sands,  and 
which,  except  for  an  occasional  small  dike,  show  no  other  rock 
than  anorthosite.  The  frequent  ridges  along  the  shores  of  Upper 
Saranac  lake  and  the  adjoining  ponds  show  no  other  rock.  The 
shores  and  islands  of  Lower  Saranac  and  Round  lakes,  the  ridges 
along  the  river  from  the  lake  to  the  village,  the  entire  mass  of 
Boot  Bay  mountain  are  of  anorthosite  exclusively  except  for  a 
small  intrusion  of  the  later  (hyperite)  gabbro  at  the  upper  end 
of  the  lake.  At  Ampersand  mountain,  Stonycreek  mountain,  the 
country  around  the  St  Regis  lakes  and  thence  down  the  river  to 
Brandon,  St  Regis  mountain,  everywhere  in  the  district,  the  same 
features  prevail.  The  uniformity  of  the  rock  is  surprising,  such 
variations  as  occur  being  mainly  due  to  the  amount  of  crushing 
which  it  has  undergone  and  not  to  changes  in  composition. 
Occasionally  the  rock  takes  on  a  larger  dark  silicate  content, 
more  nearly  approaching  a  gabbro,  but,  instead  of  its  doing  this 
as  a  whole,  the  change  is  local  in  its  nature.  There  is  however  a 
usual  change  to  a  more  gabbroid  character  as  the  periphery  of 
the  mass  is  approached,  the  ferro-magnesian  silicates  increasing 
considerably  in  amount,  though  seldom  exceeding  \^<ji  of  the  rock 
and  usually  not  constituting  over  10^.  Even  this  change  is  not 
universal  throughout  the  mass,  as  quite  typical  anorthosite  can 
be  found  close  up  to  the  edge  of  the  intrusion.  But  the  gab- 
broid phase  far  outweighs  the  other  in  this  situation,  while  the 
reverse  is  true  in  the  heart  of  the  mass.  Along  with  this  change 
in  amount  of  ferro-magnesian  silicates  goes  also  a  change  in  the 
character  of  the  feldspar.  It  usually  becomes  more  acid,  and 
quartz  sometimes  appears  as  well,  but  there  is  no  regularity  in 
the  change.  The  recapitulation  of  some  detailed  observations  is 
necessary  in  order  to  reenforce  these  general  statements. 
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Section  between  Saranac  and  Lake  Clear^  N.  ^.  C.  &  H.  E.  E.  E. 

Between  these  two  points  the  railroad  closely  follows  the  edge- 
of  the  anorthoisite  mass.  At  first  the  Grenville  rocks  adjoin, 
but  for  most  of  the  distance  gneisises  with  a  little  augite 
syenite.  It  is  possible  that  we  are  dealing  with  a  fault  contact, 
though  by  no  means  certain. 

Just  at  Saranac  the  rocks  are  gneisses  which  are  referred  to 
the  Gren-ville  series.  But  the  first  rock  cut  (804),  at  the  south 
end  of  Colby  pond,  shows  anorthosite.  Here,  while  portions  of 
the  rock  have  coarse  and  numerous  labradorite  crystals,  the 
major  part  is  thoroughly  granular  and,  in  its  considerable  con- 
tent of  dark  silicates,  recalls  the  hyperite  gabbros.  At  least  20^ 
of  the  rock  is  constituted  of  minerals  other  than  feldspar,  the 
minerals  present  being  apatite,  magnetite,  garnet,  augite, 
bronzite,  hornblende,  plagioclase  feldspar  and  quartz.  While 
one  feldspar  section  shows  equal  extinctions  of  20°  from  the 
albite  twinning  plane  on  both  sides,  the  majority  shows  10°  or 
less,  so  that  most  of  the  feldspar  is  not  more  basic  than  andesin. 
There  is  only  a  little  quartz,  associated  with  garnet  in  the  corro- 
sion rims  which  have  so  often  been  described  from  these  rocks. 
This  rock  is  not  necessarily  more  basic  than  the  usual  anortho- 
site, but  would  seem  to  have  about  the  same  silica  with  dimin- 
ished alumina  and  lime  and  increased  iron,  magnesia  and  alkali 
percentage.  Very  similar  rock  shows  in  a  ridge  by  the  road 
some  300  yards  east  of  the  Ampersand  hotel. 

A  second  and  long  one,  running  to  the  point  where  the  railway 
skirts  the  west  extremity  of  the  pond  (805)  is  40  rods  beyond  this 
cut.  In  this  the  rock  is  at  first  fine  grained  and  looks  precisely 
like  the  last,  but  it  becomes  progressively  coarser  and  more 
porphyritic,  becoming  quite  typical  anorthosite  at  the  farther 
end.  Midway  of  the  cut  is  a  dike  of  apparent  gabbro  some  30 
feet  wide  (805A).  In  the  coarse  rock  at  the  farther  end  of  the 
cut  the  large  labnadorites  show  flow  structure,  having  a  parallel 
alinement.  Here  is  also  an  apparent  dike  of  granite,  though  it 
may  be  merely  a  huge  inclusion,  its  great  difference  in  width  on 
the  opposite  sides  of  the  cut  favoring  this  view. 
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When  the  apparent  gabbro  from  the  middle  of  the  cut  is  more 
carefully  examined,  it  is  seen  to  be  quite  peculiar.  It  holds  some 
30^  of  non-feldepathic  minerals,  zircon,  titanite,  apatite,  pjrite, 
magnetite,  garnet,  augite,  biotite,  hyporsthene  and  hornblende 
and  at  least  5^  of  quartz.  So  far  as  can  be  told  from  the  pres- 
ence or  absence  of  twinning  there  is  barely  a  scrap  of  plagioclase 
in  the  rock,  the  feldspar  consisting  of  irregular  intergrowths  of 
two  different  feldspar  species,  probably  orthoclase  and  an  acid 
plagioclase.  Two  little  cores  of  plagioclase  within  these  feld- 
spars give  the  impression  that  all  is  secondary  and  due  to  the 
alteration  of  a  plagioclase.  This  rock  will  be  reverted  to  later 
when  a  similar  rock  from  another  locality  is  under  discussion* 
As  it  stands,  it  has  more  affinities  with  the  augite  syenites  than 
with  the  anorthosite.  Its  boundaries  are  not  well  exposed,  so 
that  it  is  not  certain  that  it  is  a  dike,  though  this  is  most 
probable. 

In  the  third  cut,  1^  miles  from  Saranac  depot,  there  is  also 
shown  an  association  of  granular  anorthosite  gabbro  (976)  run- 
ning into  coarse  phases.  Here  also  is  a  crushed  and  altered  strip 
of  white  and  decayed  looking  rock,  which  proves  firm  and  merely 
altered,  not  decayed.  The  feldspar  has  gone  to  saussurite,  an 
alteration  product  consisting  largely  of  zoisite.  Considerable 
epidote  has  developed  locally,  likely  from  the  original  augite.  In 
much  of  this  rock  the  alteration  is  only  partial,  feldspar  cores 
remaining.  In  these^  extinctions  up  to  22°  from  the  albite 
twinning  plane  indicate  labradorite  as  the  feldsi)ar. 

At  the  fourth  cut,  nearly  2  miles  from  the  depot,  the  rock  is 
mostly  of  the  granular  anorthosite  gabbro  type,  few  labradorite 
augen  remaining  (977).     The  cut  is  not  extensive. 

The  fifth  cut  commences  a  little  over  2^  miles  from  the  depot 
and  is  65  yards  long.  Here  the  rock  (978)  is  excessively  jointed 
and  sheared,  furnishing  easy  passage  for  underground  waters^ 
and  alteration  is  on  a  much  greater  scale  than  usual.  The  finer 
grained  portion  is  w^holly  altered,  but  unchanged  cores  remain  in 
the  large  labradorites.  These  show  the  attack  to  have  been 
along  the  outer  boundaries  and  the  cleavage  cracks  of  the  feld- 
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spar  individuals,  working  thence  inward,  underground  water 
being  the  agent  which  effected  the  alteration,  the  action  occurring 
long  ago  and  in  depth.  The  dark  silicates  have  gone  to  chlorite 
and  serpentine,  the  feldspar  to  saussurite,  much  zoisite  having 
developed  along  with  chlorite^  muscovite  or  paragonite,  and  a 
colorless,  weakly  refracting,  strongly  doubly  refracting  biaxial 
mineral,  with  highly  inclined  extinction  and  rather  small  axial 
angle,  whose  identity  has  not  been  determined.  Considerable 
epidote  has  developed  locally.  In  the  cut  is  some  white  quartzose 
gneiss,  most  probably  an  inclusion  from  the  adjacent  Grenville 
rocks,  and  some  coarse  granitic  gneiss,  likewise  a  probable 
inclusion.  There  is  also  an  18  inch  dike  of  gabbro  norite,  prob- 
ably a  thoroughly  metamorphosed  dike  of  the  hyperite  gabbro. 

The  next  three  cuts  are  of  small  extent,  but  all  show  anorthosite 
gabbro  rather  than  anorthosite^  both  fine  and  coarse  varieties 
occurring. 

There  is  a  30  yard  out  in  coarser  and  more  typical  anorthosite 
than  the  preceding  4f  miles  from  Saranac.  A  diabase  dike  in 
three  branches  is  exposed  in  this  cut,  these  dikes  being  rare  so 
far  west. 

The  last  cut  is  mile  from  the  Lake  Clear  depot  (984).  Here 
are  the  same  phases  as  before,  though  the  granular  rock  differs 
from  that  in  the  previous  exposures,  both  to  the  eye  and  under 
the  microscope.  To  the  eye  the  main  difference  is  the  absence  of 
garnet,  corrosion  rims  not  being  present,  so  that  the  rock  lacks 
the  peculiar  appearance  which  these  invariably  give.  Apatite, 
magnetite,  augite,  hypersthene,  hornblende  and  a  basic  plagioclase 
are  the  mineral  constituents,  and  the  rock  is  quite  certainly  more 
basic  than  any  of  the  preceding.  The  feldspar  makes  from  85^ 
to  90^  of  the  rock,  is  beautifully  twinned  with  both  albite  and 
pericline  lamellae^  and  shows  maximum  equal  extinction  in  sec- 
tions perpendicular  to  the  albite  twinning  plane  of  33°,  with 
nearly  all  such  sections  in  the  slide  showing  from  25°  to  30°; 
so  that  the  feldspar  is  in  all  probability  bytownite,  instead  of  the 
usual  acid  labradorite  of  the  anorthosites. 

Summary  of  section.  The  main  rock  in  this  section  along  a 
part  of  the  boundary  is  anorthosite  gabbro,  father  than  anortho- 
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Bite,  which  in  the  main  seems  neither  more  acid  nor  more  basic 
than  the  normal  rock,  but  differs  in  containing  from  10^  to  dOjl 
of  ferro-magnesian  silicates,  whereas  the  U'sual  anorthosite  rarely 
has  a  5fi  content  of  these;  but  the  greater  basicity  thus  indicated 
is  counteracted  by  the  more  acid  character  of  the  feldspar  and 
the  frequent  presence  of  quartz.  Also,  this  border  rock  shows 
basic  phases,  that  from  the  last  cut  being  an  example.  No 
analyses  have  been  made  of  the  rocks  of  this  section,  but  they  are 
closely  related  to  the  quartz  anorthosite  gabbro  described  in  the 
report  on  the  Mooers  sheet  in  the  19th  annual  report,  and  to  other 
]X)cks  shortly  to  be  described,  analyses  of  which  are  available. 
There  is  also  shown  a  probable  large  dike  of  a  rock  whose 
aJBnitieB  are  with  the  augite  syenites  rather  than-  the  anoi-thosite. 

Exposures  in  the  vicinity  of  Saranac 

'Along  the  Saranac  river  between  the  lake  and  the  village  are 
repeated  ledges  which  furnish  a  good  section  from  well  within 
the  anorthosite  ai-ea  out  to  its  boundary.  This  section  shows  a 
transition  from  quite  typical  anorthosite,  such  as  that  at  the 
state  dam,  into  an  anorthosite  gabbro  similar  to  that  just 
described;  it  is  however  complicated  by  considerable  masses  of 
gabbro,  which  are  probably  slightly  later  in  age  and  referable 
to  the  hyperites. 

Near  the  village  the  contact  between  the  anorthosite  and  the 
adjacent  gneisses  is  exposed.  The  rock  ridge  which  lies  some- 
what faouth  of  the  road  from  the  Algonquin  to  the  village,  and 
runs  parallel  with  it,  forms  the  boundary  of  the  anorthosite  in 
this  direction  and  is  composed  of  a  quite  granular  anorthosite 
gabbro,  in  which  in  general  labradorite  constitutes  from  SO^  to 
9(^  of  the  rock,  and  in  which  hornblende  and  biotite  are  often 
present  to  the  exclusion  of  augite.  The  new  reservoir,  back  from 
the  village  toward  this  ridge,  is  excavated  in  rock  (974)  exposing 
black,  flinty,  fine  grained  gneisses,  which  have  the  structure  of 
granulite  and  the  mineralogy  of  gabbro  diorite,  though  the  feld- 
spar extinctions  indicate  andesin,  and  at  least  half  is  unitwinned. 
These  gneisses  are  all  cut  up  by  a  later  red  syenite  and  are 
tremendously  shattered  by  very  frequent  joints.    The  gneiss  is 
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regarded  as  of  Grenville  age  on  account  of  the  association  of  a 
similar  gneiss  with  the  undoubted  Grenville  rocks  east  of  Colby 
pond.  The  eyenite  is  in  thin  sheets  intruded  along  the  joints. 
It  contains  only  sporadic  quartz  and  is  a  rare  rock  in  the 
Adirondacks. 

Only  a  few  yards  south  of  the  reservoir  the  contact  between 
the  anorthosite  and  what  ifi  taken  to  be  the  same  gneiss  is 
exposed  (973).  The  contact  is  sharp,  and  the  anorthosite  includes 
great  lumps  of  the  gneiss  and  is  nnquestionably  the  younger  rock. 
The  gneiss  differs  from  that  at  the  reservoir  in  containing  hypers- 
thene  in  addition  to  augite  and  hornblende  so  that  it  is  a  gabbro 
norite  rather  than  a  gabbro  diorite,  but  all  such  gneisses  in  the 
Adirondacks  show  rapid  mineraliogic  change  within  short  dis- 
tance. The  intruded  syenite  is  also  lacking  here,  but  the  distance 
from  the  reservoir  is  so  slight  that  it  is  thought  to  be  certainly 
the  same  gneiss.  The  anorthosite  at  the  contact  has  still  90^ 
of  feldspar,  but  in  addition  to  the  labradorite,  which  gives 
slightly  lower  extinctions  than  usual,  barely  reaching  20^,  there 
is  considerable  untwinned  feldspar  which  consis-ts  of  a  blotchy 
intergrowth  of  orthoclase  and  albite,  the  intergrowths  having 
none  of  the  regular  appearance  of  the  usual  microperthite.  This 
Tock  represents,  then,  an  intermediate  stage  between  the  usual 
granular  anorthosite  norite  of  the  boundary  and'  the  dike  rock 
from  the  second  cut  of  the  previous  section,  in  which  the  feldspar 
is  wholly  of  this  type.  This  same  rock  is  also  met  elsewhere  in 
the  district. 

Summary  of  section.  This  section  is  at  right  angles  to,  instead 
of  parallel  to,  the  boundary,  and  shows  a  passage  from  normal 
anorthosite  to  granular  anorthosite  gabbro  as  the  boundary  is 
approached.  It  also  exhibits  a  contact  against  the  adjacent 
gneisses,  which  shows  the  anorthosite  to  be  the  younger.  It 
farther  shows  rocks  intermediate  between  anorthosite  and  such 
microperthite  rocks  as  were  described  in  dike  form  from  the  pre- 
ceding section,  indicating  their  close  relationship  to  the  anor- 
thosite in  origin  and  in  time. 
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Section  west  from  Saranac  Inn  station,  N.  Y.  C.  &  H.  R.  £.  S. 

Unlike  the  previous  sections  this  lies  whollv  well  within  the 
«iiortho«ite  mass  not  approiacbing  the  boundary  anywhere.  40 
rods  east  of  the  depot  is  a  small  cat  in  oi'dinai'y  anorthosite.  The 
first  cut  west  of  the  station  is  1^  miles  distant  and  is  again  in 
■ordinary  anorthosite  (950),  that  is  the  rock  eonsists  wholly  of 
labradorite  except  for  trivial  amounts  of  augite,  gai-net,  magne- 
tite and  pyrite  or  cha)copyrite,  which  seldom  comprise  as  much 
as  5^  of  the  rock  and  usually  much  lesa.  The  rock  is  much  shat- 
tered by  closely  repeated  vertical  joints  in  two  sets,  one  set  of 
which  is  often  curved,  producing  wedigelike  blocks,  and  the 
adjacent  roK;k  surfaces  are  commonly  slickensided,  showing  that 
we  are  dealing  with  a  zone  of  slip  faulting,  A  little  over  i  mile 
beyond  is  a  50  yard  cut  in  precifiely  similar  material,  equally 
shattered  and  sheared. 

At  2f  miles  from  the  station  is  another  50  yard  cut  in  a  ridge 
which  runs  dowji  with  a  clifC  face  to  the  north  shore  of  Hoel 
pond.  The  rock  here  (952)  is  more  thoroughly  granulated  than 
the  preceding,  but  consists  of  09;^  labradorite,  holding  otherwise 
^  little  pyrite,  zircon,  a  few  small  augite  inclusions  and  a  little 
quartz  feldspar  intergrowth  of  the  quartz  vermicuU  type.  The 
rock  is  not  so  excessively  jointed  as  in  the  previous  cuts,  being 
more  normal  in  this  respect.  Besides  the  two  joint  sets  there  is 
*l80  a  slip  cleavage  giving  slickensided  surfaces. 

At  a  little  more  than  3  miles  is  a  cut  120  yards  long,  again  in 
typical  anorthosite  (953)  showing  an  interesting  altered  strip  a 
few  feet  wide  in  which  the  feldspar  has  wholly  gone  to  scapolite. 
This  ie  much  less  altered  than  the  general  appearance  of  the  rock 
would  indicate,  though  the  scapolite  fragments  are  kaolinized 
■outwardly  and  along  the  cleavage  cracks.  The  alteration  has  not 
wholly  destroyed  the  original,  opaque,  rodlike  inclusions  of  the 
labradorite  which  appear  here  and  there,  sometimes  quite  numer- 
■onsly,  in  the  scapolite.  Adjoining  the  scapolite  strip,  the  anor- 
thosite is  excessively  sheared,  cleaving  along  slickensided  faces, 
L  "which  follow  one  another  at  intervals  of  fractional  parts  of  an 
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inch;  the  scapolite  zone  evidently  marks  the  strip  of  maximum 
disturbance  and  change. 

At  Si  miles  is  another  long  cut,  140  yards  in  length.  At  the 
west  end  is  a  dike  of  gabbro  (^54B)  8  feet  wide,  of  interest  from 
several  iwints  of  view.  It  contains  some  30^  to  40;^  of  augite, 
hornblende,  bronzite,  magnetite  and  apatite,  some  little  quartz, 
and  garnet  rims  of  the  honeycomb  type  between  the  magnetite 
and  feldspar.  The  feldspar  is  largely  of  the  blotchy  intergrowth 
type,  but  considerable  plagioclase  remains,  sufficient  to  show 
that  it  is  andeein  and  that  it  alters  to  the  other  feldspar.  There 
is  much  unaltered  andeein.  in  the  ground  mass  however,  and  this 
seems  to  have  been  largely  recrystallized.  Again,  in  this  cut  is 
abundant  evidence  of  slip  faulting  along  one  set  of  the  joints. 
Here  the  larger  cracks  contain  anorthosite  fragments  cemented 
by  deposition  of  calcite  followed  by  chalcedony.  These  vein  fill- 
ings are  mostly  only  fractional  parts  of  an  inch  in  width,  occa- 
sionally reaching  2  or  3  inches. 

At  3|  miles  is  another  long  cut  180  yards.  Neither  this  nor 
the  previous  one  is  a  continnous  cut,  but  shows  low  anorthosite 
ridges,  with  summits  some  dozen  feet  above  the  roadbed,  sep- 
arated by  sand-filled  depressions.  The  rock  here  (OS'S)  is  the 
same  shattered  anorthosite  of  the  previous  cuts.  Garnet  is  more 
prominent,  and  the  rock  is  not  quite  so  prevailingly  feldspathic. 
Near  the  west  end  of  the  cut  is  a  probable  inclusion  of  coarse 
granite.  At  4  miles  is  a  small  cut  exposing  very  coarse  anor- 
thosite, much  less  shattered  than  the  foregoing. 

Summary  of  section.  This  section  will  answer  for  the  type  of 
many  well  within  the  anorthosite  mass.  Except  for  occasional 
intrusions  of  gabbroid  rocks  and  inclusions  of  granite  the  rock 
shows  great  uniformity.  The  feldspar  is  pretty  uniformly  an  acid 
labradorite  with  extinction  maxima  of  20°  to  22°,  but  in  nearly  all 
cases  there  is  some  little  of  the  untwinned  feldspar  intergrowth 
present.  This  may  become  of  quite  respectable  amount,  as  illus- 
trated by  exposures  some  3  miles  south  of  the  line  of  the  section, 
between  Upper  Saranac  lake  and  Follensby  Clear  pond,  where  the 
rock  is  slightly  more  gabbroic.    In  fact,  increase  in  amount  of 
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this  sort  of  feldspar  usually  accompanies  increasing  content  of 
ferro-magnesian  silicates. 

But  the  interesting  matter  in  this  section  is  the  dike  in  the  140 
yard  cut  (954B),  interesting  because  it  brings  out  clearly  the  rela- 
tionship of  the  syenitic  rocks  described  from  the  preceding  sec- 
tions, to  the  anorthosite,  since  we  have  here  a  strictly  intermedi- 
ate rock,  resembling  precisely  those  whose  feldspar  is  wholly  of 
the  anorthoclase   type   yet   with  much  plagioclase   present  in 

addition. 

Exposures  about  Srandon 

The  little  hamlet  of  Brandon  on  the  New  York  and  Ottawa  rail- 
road is  included  in  the  Kockefeller  purchase  and  is  now  in  proc- 
ess of  demolition.  It  lies  close  to  the  anorthosite  boundary, 
but  exposures  are  not  as  frequent  nor  as  good  as  could  be  wished. 
Around  the  St  Kegis  lakes  and  thence  down  the  river  toward 
Brandon  the  exposed  rock  is  of  typical  anorthosite,  the  feldspars 
constituting  from  95^  to  99^  of  the  rock  and  showing  extinction 
nmxima  of  from  22°  to  26°  in  the  various  slides.  Just  about 
Brandon  it  varies  from  the  type,  though  still  consisting  mainly  of 
feldspar.  The  proportion  of  untwinned  feldspar  has  however 
considerably  increased,  and  some  of  the  blotchy  intergrowths  are 
evident,  indicating  that  anorthoclase  is  becoming  prominent. 

A  hill  i  mile  north  of  Brandon  is  constituted  of  amphibolitic 
and  granitic  gneisses,  and  Buck  mountain,  2  miles  to  the  west, 
is  composed  of  the  same  rocks,  showing  that  at  Brandon  we  are 
near  the  anorthosite  edge.  Yet  at  Indian  rock,  a  small  isolated 
exposure  on  the  river  2  miles  northwest  of  Brandon  and  lying 
within  the  gneiss  zone  just  mentioned,  the  rock  is  again  anortho- 
site (713).  It  is  wholly  gneissoid,  and  in  addition  to  the  feldspar 
contains  some  5^  to  10,^  of  hornblende  and  magnetite,  the  horn- 
blende commencing  to  alter  to  biotite.  The  major  part  of  the 
feldspar  shows  albite,  twinning  with  21°  maximum  extinction. 
There  is  also  some  non-twinned  feldspar,  which  is  probably 
anorthoclase.  From  its  situation  this  rock  is  regarded  as  a  prob- 
able offshoot  from  the  main  mass,  likely  of  the  nature  of  a  large 
dike.  It  is  cut  by  two  dikes,  one  of  fine  grained  and  the  other 
of  coarse  red  granite. 
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To  the  eouthwefit  of  Brandon,  in  township  16,  the  most  westerly 
anorthosite  outcrops  are  those  at  the  old  Ducey  lumber  camp. 
Here  the  rock  (^1)  is  much  crushed,  though  abundant  labradorite 
augen  remain.  Minerals  other  than  the  feldspar  make  some  16^ 
of  the  rock.  These  are  as  usual  hypersthene,  augite,  hornblende, 
magnetite,  apatite,  zircon  and  titanite,  with  a  little  occasional 
pyrite.  Hypersthene  here  is  unusually  prominent  for  an  Adiron- 
dack anorthosite,  much  exceeding  in  quantity  the  augite  and 
hornblende  together,  so  that  the  rock  is  an  anorthosite  norite 
rather  than  an  anorthosite  gabbro.  The  feldspar  is  nearly  all 
twinned  and  apparently  all  labradorite.  This  rock  differs  from  the 
usual  border  rock  in  that  the  increase  in  amount  of  dark  silicates 
is  not  accompanied  by  increasing  acidity  of  feldspar.  It  is  more 
nearly  like  the  rock  from  the  last  cut  in  the  Saranac-Lake  Clear 
section  (984)  than  any  other,  though  not  quite  so  basic  as  that, 
the  feldspar  extinctions  only  reaching  24°. 

General  summary  of  previous  sections 

The  previous  detailed  observations  are  sufficient  to  establish 
the  fact  that  there  has  been  some  slight  differentiation  in  the 
anorthosite  mass  since  reaching  its  present  resting  place,  the  gen- 
eral result  being  that  the  rock  becomes  an  anorthosite  gabbro  in 
its  outer  parts,  sometimes  becoming  more  basic  than  the  general 
mass  of  the  rock,  but  in  general  retaining  about  the  same  silica 
percentage,  increase  in  the  amount  of  basic  minerals  being  ac- 
companied by  increasing  acidity  of  the  feldspar;  that  the  final 
result  of  the  differentiation  in  this  direction  is  the  production 
of  a  rock  of  gabbroic  appearance  and  with  large  content  of  f erro- 
magnesian  silicates,  in  which  the  feldspar  is  no  longer  plagio- 
clase  but  anorthoclase,  so  that  the  rock  can  no  longer  be  classed 
with  the  gabbros;  that  in  considerable  part  the  latter  rock  solidi- 
fied slightly  later  than  the  main  mass  and  was  injected  into  it  in 
the  form  of  dikes,  which  are  most  abundant  about  the  edges  of 
the  mass  but  also  occur  well  within  it.  It  further  appears  that 
away  from  the  periphery  the  anorthosite  is  quite  homogeneous 
in  composition.  Occasional  bands  of  gabbro  cut  it,  and  occasion- 
ally there  is  a  local  enrichment  in  ferro-magnesian  silicates,  but 


REPORT  OF  THE  DIRECTOR  AND  STATE  GEOLOGIST  1900  r41 

these  are  exceptional.  There  are  no  such  great  masses  of  gab- 
bro  as  Kemp  has  shown  to  exist  in  Essex  county,  involved  with 
the  anorthosite.^ 

OBSERVATIONS   ALONG   THE    SOUTHWEST   ANORTHOSITE    BOUNDARY 

Within  the  past  four  years  Prof.  Kemp,  Prof.  Smyth  and  I  have 
all  observed  considerable  areas  of  rocks,  in  our  respective  dis- 
tricts in  the  Adirondack  region,  which  much  resemble  the 
anorthosites  in  some  of  their  phases  and  were  at  first  classed  with 
them.  These  rocks  have  great  importance  in  the  region,  and  their 
true  nature  was  realized  by  all  at  about  the  same  time  and 
independently.^  Like  the  anorthosites,  they  are  highly  feld- 
spathic  rocks,  but  differ  from  them  in  nature  of  the  feldspar,  so 
that  they  must  be  classed  with  the  syenites  rather  than  as  mem- 
bers of  the  gabbro  family.  All  of  us  agree  that  these  syenites 
are  younger  than  the  Grenville  rocks.  In  Smyth's  district 
anorthosites  are  practically  absent,  so  that  opportunity  for  deter- 
mining the  relative  ages  of  the  two  rocks  is  not  forthcoming  there. 
Kemp  seem®  disposed  to  class  them  with  the  main  mass  of  the 
gneisses  and  hence  as  older  than  the  anorthosite.  The  writer 
noted  the  intermediate  rocks  which  have  been  described  in  the 
previous  pages  and  was  led  to  believe  that  the  two  rocks  were 
closely  related  in  age,  were  derivatives  from  the  same  great 
igneous  magma,  and  even  in  part  derived  from  differentiation  of 
the  anorthosite  itself.  In  the  hope  of  settling  the  question,  con- 
siderable time  has  been  given  to  observations  along  the  southwest 
anorthosite  boundary,  as  it  immediately  adjoins  a  large  syenite 
area  in  that  direction.  Exposures  are  however  few  near  the 
boundary  and  have  not  suflficed  to  give  a  definite  answer  to  the 
question  at  large,  though  clearly  bringing  out  the  fact  that  some 
of  the  syenite  at  least  is  closely  related  to  and  slightly  younger 


'iSfee  map  fronting  p.  398,  19th  an.  rep't  U.  S.  gcol.  sur.  1899.     pt  3. 
*  Smyth,  C.  H.  jr.    Geol.  soc.  Am.  Bui.  6  :  271-82. 

N.  Y.  state  geol.     17th  an.  rep't.     1897.     p.  471-86. 

Kemp,  J.  F.     N.  Y.  state  geol.     17th  an-  rep't.     1897.     p.  507,  512,  515. 

Cushing,  H.  P.    Geol.  so<?.  Am.  Bui.  10  :  177-92. 

N.  Y.  state  geol.     18th  an.  rep't.     1898.     p.  105-9. 


r42  NEW    YORK    STATE   MUSETJM 

than  the  anorthosite,  thufi  falling  in  line  with  the  detailed  obser- 
vations already  set  forth. 

Section  from  Tupper  lake  to  BoUins  pond,  N.  Y.  C.  &  H.  B.  B.  B. 

The  rock  about  Tupper  lake  is  augite  syenite,  but  anorthosite 
is  reached  within  3  or  4  miles  to  the  north  and  east,  with  no  other 
pock  intervening,  so  that  it  was  hoped  that  traverses  from  one  to 
the  other  would  disclose  outcrops>  which  wouldi  give  the  clue  to 
the  time  relations.  There  are  but  two  convenient  lines  of 
section. 

For  the  first  3^  miles  from  the  depot  at  Tupper  Lake  Junction 
there  are  no  rock  cuts  along  the  railway,  but  occasional  ledges 
are  found  in  the  woods  within  ^  mile  of  the  track.  These  are  all 
of  a  greenish  or  brown  gneiss  which  is  clearly  referable  to  the 
augite  syenite,  but  the  outcrops  are  of  the  unsatisfactory  sort 
which  prevail  in  the  woods.  At  3^  miles  is  a  low  rock  cut  of 
meager  dimensioiis  which  furnishes  however  fresh  material  (906). 
The  rock  must  be  classed  with  the  augite  syenite,  though  a 
variant  from  the  type  in  that  it  is  somewhat  more  basic,  with 
extra  large  eontent  of  ferro-magnesian  silicates  for  these  rocks, 
containing  some  30^  of  them  instead  of  the  15^  to  2'0^  of  the 
normal  roek.  The  difference  is  but  slight,  however.  Much  mag- 
netite and  garnet  are  present,  considerable  augite  and  horn- 
blende, less  bronzite,  a  little  biotite,  and  the  usual  zircon  and 
apatite.  There  is  some  5^  of  quartz.  The  feldspar  is  two  thirds 
microperthite,  the  remainder  showing  no  sign  of  twinning  or  of 
intergro'wths.  There  ie  a  bit  of  oligoclase,  and  there  are  some 
small  patches  of  quartz  vermicuU,  The  microperthite  often 
shows  a  further  intergrowth  of  micropegmatitic  aspect,  the  one 
feldspar  exhibiting  no  sign  of  the  microperthite  intergrowth,  the 
other  showing  it  beautifully  and  the  whole  producing  a  striking 
combination  in  thin  section.  It  is  clearly  a  growth  of  two  feld- 
spars, notwithstanding  the  resemblance  to  micropegmatite.  ^ 
mile  beyond  another  ledge  of  syenite  is  found  in  the  woods, 
i  mile  northwest  from  the  track,  but  it  does  not  furnish  fresh 

* 

material  (902).    It  is  however  of  the  same  type  as  the  rock  from 
the  out. 
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At  4ti  miles  from  the  junction  is  a  rock  cut  in  the  first  anortho- 
«ite  seen  (903).  II  is  of  the  anorthosite  gabbro  tjipe  and  inter- 
•esting  in  showing  all  gradatione  from  quite  coarse  to  very  finely 
mashed  rock.  In  fact,  the  granulated  portionfi  are  much  finer 
grained  than  usual,  have  a  greenish  tiage,  and  in  combination 
with  the  dark  blue  black  labradorite  augen  produce  a  very  strik- 
ing looking  rock. 

A  small  cut  J  mile  farther  furnishes  similar  and  very  interest- 
ing material  (905).  The  rock  is  pretty  thoroughly  granulated, 
though  numerous  small  labradorite  augen  remain.  The  granular 
portion  has  a  strong  reeeniblance  to  the  usual  augite  syenite. 
The  rock  is  an,  anorthosite  gabbro,  with  10^  to  15^  of  minerals 
•other  than  feldspar,  these  being  the  usual  magnetite,  garnet, 
augite,  hornblende,  apatite,  zircon  and  pyrite.  A  little  quartz  is 
present  as  a  by-product  of  the  feldspar-^magnetite  interaction 
which  resulted  in  the  garnet  formation.  Of  the  feldspar  in  the 
elide  (none  of  the  large  augen  appearing)  slightly  lese  than  one 
half  shows  albite  twinning,  the  maximum  extinction  found  in  the 
several  sections  properly  cut  being  12^,  indicating  andesin.  Of 
the  untwinned  feldspar  the  larger  portion  shows  intergrowths, 
partly  microperthite  and  partly  of  the  micrographic  type.  The 
intergrowths  seem  distinctly  primary,  though  some  of  the  andeein 
shows  a  tendency  toward  such  intergrowths  as  well.  Optical 
teste  of  cleavage  pieces  of  the  large  augen  show  these  to  be 
labradorite. 

A  portion  of  the  rock  was  crushed,  and  epeciflc  gravity  deter- 
mination.s  of  these  feldspars  were  made.  At  2.659  the  first  con- 
siderable quantity  of  feldspar  fell,  and  this  is  closely  the  gravity 
of  acid'  andesin.  The  last  and  greater  part  of  the  remainder 
fell  at  2.569,  though,  afi  the  liquid  was  elowly  diluted  down  to 
this  strength,  a  little  feldspar  fell  from  time  to  time,  indicating 
the  presence  of  a  slight  amount  of  intermediate  composition.  A 
chemical  analysis  and  further  discussion  of  this  rock,  as  well  as 
of  that  from  the  3^J  mile  cut  (906),  will  be  found  on  a  later  page. 

At  5  miles  from  the  junction  and  shortly  before  reaching 
Bolline  pond  is  another  cut  in  anorthosite  gabbro,  specially  rich 
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in  garnet,  and  with  many  and  large  labradorite  augen  remaining 
(904).     Beyond,  the  rock  passes  into  ordinary  anorthosite. 

Summary  of  section.  This  section  comes  nearest  of  any  to 
affording  a  transition  from  anorthosite  to  augite  syenite.  The 
flyenite,  ehown  hest  in  the  cut  at  aj  .miles  (906),  is  unquestionably 
the  same  rock  as  that  found  in  dikes  cutting  the  anorthosite  in 
the  Saranac  (805A)  and  Saranac  Inn  (954B)  sections.  Yet  it  is 
here  found  as  a  border  phase  of  a  large  syenite  mass.  Further^ 
the  rock  from  the  cut  at  4f  miles,  though  to  be  classed  with  the 
anorthosite,  shows  strong  leanings  toward  the  other  rock  and  is 
an  unmistakable  intermediate  type,  as  the  chemical  analysis  will 
more  strongly  emphasize.  It  m  also  very  like  the  border  rock 
near  the  reservoir  at  Baranac  (973).  The  two  furnish  ©trong 
evidence  of  the  close  relationship  of  the  two  rocks,  the  anortho- 
site  and  syenite. 

Section  from  Tupper  Lake  village  toward  Wawbeek 

Just  in  and  about  Tupper  Lake  village  are  many  exposures  of 
augite  syenite  gneiss.  In  the  village  a  quarry  has  been  opened 
for  road  metal  and  foundation  stone,  and  this  furnisheis  the 
freshest  and  most  satisfactory  material  (999).  It  is  in  all  respects 
quite  typical  augite  syenite  gneiss.  There  is  present  some  10^ 
of  dark  silicates,  hornblende,  augite,  magnetite  and  bronzite,  in 
order  of  abundance,  though  the  quantities  vary  much  from  place 
to  place.  There  is  considerable  zircon  and  but  little  apatite,  a» 
is  usual  in  this  rock.  Some  5j^  to  10^  of  quartz  is  present  and 
the  remainder  of  the  rock  consists  of  feldspar,  mostly  rather 
poorly  marked  microperthite,  though  the  micrographic  inter- 
growth  is  at  hand  as  well  and  sometimes  the  two  are  combined. 
There  is  also  a  little  oligoclase. 

These  syenite  exposures  only  extend  for  ^  mile  east  of  the  vil- 
lage, and  beyond  for  3  miles  no  rock  protrudes  through  the  heavy 
drift  filling.  But  not  far  south  of  the  road  a  ledge  of  the  same 
rock  shows  by  the  river,  2  miles  from  the  village.  1  mile  farther 
up  the  river,  the  first  anorthosite  is  found,  so  that  we  have  here, 
along  the  boundai'y,  a  gap  of  a  mile  in  which  no  exposures  are 
forthcoming. 
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Soon  after  passing  Halfway  brook,  and  the  west  line  of  the 
Cornell  forestry  tract,  the  first  anorthosite  is  seen  along  the  road 
(935),  and  a  large  ledge  appears  in  the  woods  a  short  distance 
to  the  north.  The  rock  is  a  medium  coarse  anorthosite  with  a 
considerable  dark  silicate  content,  being  distinctly  of  the  anortho- 
site gatbbro  type.  The  exposure  by  the  road  is  merely  a  smooth 
glaciated  surface,  from  which  it  is  exceedingly  difficult  to  pro- 
cure epecimens.  But  it  is  a  most  interesting  exposure,  exhibit- 
ing the  anorthosite  as  all  cut  up  by  a  finer  grained  rock,  which 
is  unmistakably  younger  and  intrusive  into  the  anorthosite.  It 
is  thoroughly  continuous  and  separates  the  anorthosite  into  great 
horsee.  This  rock  strongly  resembles  the  usual  augite  syenite 
and  proves  to  be  of  that  type,  somewhat  more  basic  than  the 
nsual  run  of  the  rock,  though  quite  comparable  in  that  respect 
with  the  rock  from  the  first  cut  along  the  railway  north  of  Tup- 
per  lake  (906)  and  with  that  from  CJolby  pond  (805iA).  It  holds 
nncmshed  feldspar  augen  rather  more  numerously  than  the 
usual  syenite  and  of  larger  size,  though  quite  comparable  with 
some  phases  of  the  syenite.  It  is  quite  certainly  the  same  rock 
80  that  already  described,  but  here^  instead  of  grading  into  the 
anorthosite  or  cutting  it  in  single  narrow  dikes,  it  has  invaded  it 
in  force,  wedging  asunder  great  blocks  of  the  anorthosite,  which 
it  sdrrounds.    An  analysis  of  this  rock  appears  on  a  later  page. 

Nearly  a  mile  farther  east  the  road  takes  a  curve  to  the  south 
around  the  end  of  a  massive  rock  ridge^  showing  outcrops  by  the 
road  (987)  and  also  a  short  distance  back  in  the  woods  (936).  The 
fofrmer  exposures  are  of  anorthosite  norite,  rather  than  gabbro, 
with  much  variation  in  the  dark  silicate  content  and  in  the  degree 
of  granulation.  They  are  cut  by  a  large  dike  of  a  curious,  dark 
gray  porphyry  with  reddish  feldspar  phenocrysts,  which  seems 
of  considerably  later  date  and  of  syenitic  make-up.  Such  dikes 
have  also  been  found  in  other  parts  of  the  region  cutting  the 
anorthosite.  They  may  possibly  be  nearly  contemporaneous  with 
the  hyperite  gabbros,  forming  their  complementary  types.  They 
have  been  somewhat  metamorphosed  and  are  earlier  than  the 
syenite  iK>rphyTies  associated  with  the  diabases.    A  similar  dike 
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is  well  exposed  near  the  road  from  Paul  Smiths'  to  Brandon,  in  a 
field  just  north  of  the  road  on  Hall's  farm,  about  a  mile  west  of 
Keese's  Mills. 

The  other  rock  (936)  is  augite  fiyenite  of  the  same  type  a»  that 
just  described  (935),  though  here  its  field  relations  to  the  anortho- 
siite  are  not  exhibited.  It  has  a  somewhat  larger  content  of  dark 
eilicates,  and  quartz  is  practically  absent,  but  the  feldspars  are 
of  the  same  peculiar  intergrowth  type.  It  is  unquestionably  the 
same  rock  and  in  all  probability  intrusive  into  the  anorthosite, 
as  that  is. 

South  of  these  exposures,  along  the  river  at  Tromblee's  and 
between^  are  ridges  with  many  exposures,  all  seen  being  of 
anorthosite  gabbro. , 

Summary  of  section.  Though  in  this  section  lack  of  exposures 
prevents  ascertaining  the  possible  existence  of  gradations  be- 
tween the  anorthosite  and  syenite,  the  cutting  of  the  anorthosite 
by  syenite  of  precisely  the  same  type  as  that  found  in  the  previ- 
ous sections  is  well  shown;  and,  while  in  those  only  occasional 
small  dikes  have  been  forthcoming,  here  the  rock  is  found  invad- 
ing the  anorthosite  in  considerable  force.  The  evidence  of  this 
section  and  the  preceding  as  well  is  demonstrative  that  there  is 
in  the  region  a  considerable  body  of  augite  syenite  that  grades 
into  the  anorthosite,  but  that  also  was,  as  a  whole,  slightly  later 
in  cooling,  so  that  it  has  invaded  the  main  body  of  the  anortho- 
site in  the  form  of  dikes.  The  presence  of  these  dikes  would 
seem  fatal  to  the  theory  that  the  intermediate  rocks  were  pro- 
duced through  the  absorption,  by  the  anorthosite  magma,  of  a 
certain  amount  of  an  earlier  syenite,  since  it  is  difficult  to  under- 
stand how  the  border  rock  thus  produced  could  remain  molten 
longer  than  the  parent  mass.  The  phenomenon  would  be  ex- 
plicable however  on  the  assumption  that  the  syenite  was  the 
younger,  and  that  the  intermediate  rock  was  produced  by  the 
melting  away  and  absorption  of  a  certain  amount  of  the  anortho- 
site. Whether  the  intermediate  rock  has  been  formed  in  this 
fashion  or  by  direct  differentiation  is  uncertain,  but  in  either 
case  the  later  date  of  the  syenite  is  a  necessary  conclusion. 
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RELATION  OF  AUGITE   SYENITE  TO  GNEISS 

Though  the  observations  »o  far  recorded  would  seem  decisive 
as  to  the  time  relations  between  these  two  rocks,  the  contacts  of 
the  Tupper  lake  augite  syenite  in  other  directions  are  with  gneiss- 
es, into  which  they  grade  and  fade  out,  as  if  they  represented 
portions  of  the  same  great  complex,  and  these  are  the  usual  phe- 
npmenia  in  the  Adirondack  region,  the  augite  syenite  seldom,  if 
ever,  showing  sharp  boundaries  against  any  rocks,  with  the  single 
exception  of  the  Grenville  limestones  and  associated  schists  and 
gneisses.  The  presentation  of  a  few  detailed  observations  will 
be  helpful  as  a  prelude  to  the  discussion  of  the  phenomena. 

Section  from  Tupper  Lake  Junction  to  Horseshoe 

Nearly  a  mile  below  the  depot  at  Tupper  Lake  a  cut  in  a  mas- 
sive rock  ridge  (898)  shows  a  coarsely  gneissoid  rock,  approach- 
ing granite  in  composition,  in  which  are  occasional  amphibolite 
streaks  which  may  represent  either  drawn  out  inclusions  or 
segregations.  Along  with  the  red  rock,  and  grading  into  it,  is 
much  green  rock  which  closely  resembles  the  red  except  for 
color.  The  green  rock  can  not  be  distinguished  from  ordinary 
augite  syenite  of  the  acid  type^  consisitimg  mainly  of  feldspar,  but 
with  some  15^  to  20^  of  quartz  and  some  10;^  of  bronzite,  horn- 
blende and  augite,  named  in  order  of  abundance,  and  the  usual 
zircon,  titanite,  apatite  and  magnetite  in  small  quantity.  Except 
for  a  little  oligoclase  the  feldspar  is  all  alkali  feldspar,  inter- 
growths  of  orthoclase  and  albite  with  the  micrographic  form 
more  prominent  than  the  micropei-thitic.  The  red  rock  is  more 
quartzose  and  the  pyroxenes  have  disappeared,  but  it  appears  to 
grade  into  the  other  and  represent  its  granitic  phase.  Precisely 
similar  admixtures  are  found  in  Litchfield  park  and  elsewhere 
near  the  syenite  periphery. 

Beyond  this  point  the  railway  soon  crosses  the  Raquette  river 
and  then  turns  westward  along  it,  no  further  outcrops  appearing 
for  more  than  a  mile.  At  2J  miles  from  the  depot  is  a  cut  in  a 
greenish  gray  rock  (1000),  mainly  very  fine  grained  and  gneissoid 
but  having  also  coarse  bands,  which  does  not  appear  like  the 
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usual  augite  syenite  and  is  referred  to  it  with  hesitation  in  my 
field  notes.  The  thin  section  shows  it  to  depart  from  the  syenite 
in  several  respects.  The  coarse  bands  are  more  acid  than  the 
rest  and  probably  represent  pegmatitic  portions.  The  slide 
shows  some  35^  of  quartz,  10^  of  dark  minerals,  hornblende  show- 
ing incipient  alteration  to  biotite,  magnetite  and  a  little  pyrite, 
and  the  remainder  of  feldspar,  mainly  microperthite.  The  finer 
gneiss  is  characterized  by  much  deep  orange  titanite  and  emerald 
green,  pleochroic  augite,  two  minerals  quite  characteristic  of 
certain  red,  acid  gneisses  of  the  region,  which  are  often  closely 
asisociated  with  magnetic  deposits.  Such  red  gneisses  appear 
shortly,  going  down  the  river,  and  this  rock  clearly  belongs  with 
them.  Otherwise  its  minerals  are  as  in  the  coaTse  rock,  though 
quartz  constitutes  only  some  10^  to  15^  of  the  whole.  The  struc- 
ture is  like  that  of  the  usual  gneiss  rarther  than  that  of  the  augite 
syenite. 

At  2|  miles  is  a  cut  in  red,  fine  grained  gneiss  (1001)^  with 
many  pegmatitic  and  some  very  homblendic  bands,  which  is  a 
quite  typical  sample  of  the  red,  titanite  gneiss  just  referred  to. 
It  will  be  more  fully  described  as  it  occurs  at  Piercefield,  a  little 
beyond.  Its  minerals  are  the  same  as  those  of  the  green  gneiss 
of  the  preceding  cut,  though  it  is  somewhat  more  quartzose.  A 
5  foot  dike  of  beautifully  fresh,  olivin  diabase  cuts  this  red 
gneiss  and  is  of  additional  interest,  since  it  is  the  most  westerly 
of  these  dikes  that  I  have  seen  in  the  Adirond'acks.  The  locality 
is  close  to  the  boundary  line  between  Franklin  and  St  Lawrence 
counties;  and,  with  the  imperfect  maps  in  hand,  it  was  impossi- 
ble to  be  certain  in  which  the  exposure  occurred.  If  in  St  Law- 
pence,  it  will  be  the  first  of  these  dikes  to  be  noted  from  that 
counity  so  far  as  I  am  aware. 

At  a  little  over  3  miles  is  another  cut  (1008),  60  yardls  long. 
The  east  half  shows  a  green  and  black  gneiss  which  is  fairly 
basic,  containing  much  hornblende  and  considerable  augite  and 
magnetite,  with  also  a  little  bronzite.  Nearly  half  the  feldspar 
is  plagioclase,  whose  character  as  an  acid  andesin  is  indicated  by 
extinctions  of  10^.    The  rest  of  the  feldspar  is  untwinued  and 
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may  be  orthoclase.  Quartz  is  absent  except  as  small  inclusions 
in  the  feldspar.  The  dark  minerals  constitute  some  40;^  of  the 
rock.  The  west  end  of  the  cut  shows  a  red,  granitic  gneiss.  This 
shows  a  sharp  boundary  against  the  other,  but  the  junction  is 
parallel  to  the  vertical  foliation  of  both,  and  a  thin  pegmatite 
band  intervenes.  The  green  gneiss  passes  into  an  amphibolite 
gneiss  near  the  junction,  but  this  seems  clearly  a  phase  of  the 
green,  just  as  the  pegmatite  seems  clearly  a  phase  of  the  granite. 
The  pegmatite  streak  sends  out  stringers  into  the  amphibolite 
however  and  clearly  cuts  it  intrusively. 

Less  than  i  mile  beyond  is  another  long  cut  (1004)  exhibiting 
an  identical  rock  assemblage.  Here  again  the  green  gneiss 
becomes  black  near  the  junction  through  increased  amount  of 
dark  silicates,  but  the  pegmatite  is  lacking,  the  granitic  gneiss 
becomes  distinctly  finer  grained  near  the  contact  and  unmistak- 
ably cuts  the  green,  sending  numerous  thin  sheets  into  it  along 
the  foliation  planes. 

Just  east  of  the  Piercefield  depot,  3  f  miles  from  Tupper  lake, 
are  exposures  in  the  bed  of  a  brook  (1005)  of  a  green,  very 
granular,  shotlike  gneiss,  which  readily  crumbles  on  exposure. 
A  precisely  similar  rock  shows  along  the  road  from  the  depot  to 
the  village  (997),  associated  with  a  very  rusty,  rotted  amphibolite. 
Basic  minerals  make  fully  one  third  of  the  green  gneiss,  hypers- 
thene  predominating,  then  come  augite,  hornblende,  much  less, 
abundant  magnetite  and  apatite  and  a  little  zircon.  The  remain- 
der of  the  rock  is  feldspar,  no  quartz  appearing.  The  feldspar 
is  nearly  all  plagioclase  with  8^  maximum  extinction,  and  close 
to  oligoclase  therefore.  A  few  somewhat  larger  individuals  are 
of  microperthite.  The  rock  is  therefore  quite  like  the  green 
gneiss  of  the  preceding  cuts  and  differs  from  the  syenite  in  the 
character  of  the  feldspar. 

Coming  into  the  town,  a  mile  from  the  depot,  repeated  ledges 
appear  of  red,  granular  gneiss  (998),  composed  of  magnetite 
(much  and  idiomorphic),  titanite  (much,  of  the  orange,  pleochroic 
variety),  augite  (emerald  green,  pleochroic  and  somewhat  less 
than  the  titanite  in  amount)  feldspar  and  quartz.    The  feldspar 
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makes  eame  60j^  of  the  rock  and  is  beautifully  marked  microcline. 
Quartz  constitutes  20j<  to  25j^,  much  of  it  occurring  as  inclusions 
in  the  feldspar.  From  Piercefleld  on  northwest  to  Gale's  and 
beyond  little  else  than  red,  granitic  gneisses  occurs. 

Ohildwold  station  is  2  miles  west  of  Piercefleld.  Between  the 
two  there  is  but  one  rock  cut  (1006),  situated  i  mile  east  of  Child- 
wold.  This  shows  the  same  combination  of  fine  grained,  green 
gneiss  and  red,  granitic  gneiss  found  in  the  cuts  east  of  Pierce- 
field.  The  strike  of  these  rocks  is  from  n.  65  w.  to  n.  75  w.,  so  that, 
since  crossing  the  Raquette  the  railway  has  followed  the  strike 
of  the  belt.  At  Ohildwold  the  southerly  direction  is  resumed,  and 
different  rocks  are  at  once  met.  At  |  mile  south  of  Ohildwold 
station  is  a  considerable  cut  (1007)  in  a  greenish,  rudely  gneissoid 
rock,  which  is  a  decidedly  different  looking  rock  from  the  green 
gneiss  of  the  preceding  exposures  and  seenus  certainly  referable 
to  ordinary  augite  syenite.  It  is  a  much  firmer,  more  massive 
rock,  lacks  the  granular  look,  is  not  evenly  but  very  rudely 
foliated  and  is  mueh  more  plainly  an  igneous  rock.  Nor  is  there 
any  associated  red  gnei<^6.  It  also  has  the  precise  mineralogy  of 
the  augite  syenite,  the  same  augite  and  bron^ite  with  their  char- 
acteristic parallel  growths,  subordinate  hornblende,  the  three 
together  constituting  only  some  10;^  of  the  rock,  which  is  pre- 
dominantly feldspathic.  The  feldspar  is  mainly  microperthite 
though  with  considerable  oligoclase  and  some  feldspar  of  uncer- 
tain nature.  There  i«  barely  5^  of  quartz.  There  are  some 
amphibolitic  streaks  which  may  represent  either  stretched  segre- 
gations or  inclusions,  probably  the  former. 

East  from  this  point  and  lying  between  it  and  Big  Tupper  lake 
is  the  large  irregular  mass  of  Arab  mountain.  In  a  trip  across 
through  the  woods  no  rock  was  seen  other  than  that  which 
seemed  clearly  referable  to  the  augite  syenite,  though  the  numer- 
ous exposures  are  of  the  unsatisfactory  character  usual  in  the 
woods,  largely  moss-covered  and  not  furnishing  freeh  material. 
This  line  is  parallel  to  and  not  far  eouth  from  the  belt  of  red 
and  green  gneisses  along  the  railway,  just  described. 
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South  along  the  7  miles  of  railway  between  Ohildwold!  and 
Horseshoe,  rock  cuts  are  frequent,  and  all  show  no  other  rock 
than  quite  typical  augite  »syenite,  though  mostly  quite  thoroughly 
gneissoid.  About  Pleasant  lake,  3  miles  from  Ohildwold  station^ 
exposures  are  very  numerous,  and  a  southerly  spur  of  Arab  moun- 
tain breaks  down  in  tremendous  cliffs  of  this  rock  to  the  east  of 
the  track.  From  this  point  another  crosscut  to  Tupper  lake  was 
made,  by  way  of  Bridge  Brook  pond,  and  here  also  nothing  but 
syenite  was  seen,  for  the  first  half  of  the  distance.  Beyond,  it 
becomes  somewhat  involved  with  granite,  specially  at  the  west 
end  of  the  pond.  Such  granite  is  frequently  associated  with  the 
syenite  in  the  Tupper  lake  vicinit}'  and  will  be  again  reverted  to. 

The  last  syenite  seen  going  south  along  the  railway  (1035)  was 
found  in  the  woods  i  mile  west  of  the  track  and  1  mile  north  of 
Horseshoe.  About  Horseshoe  somewhat  different  rocks  appear, 
and  in  a  crosscut  through  the  woods  from  Horseshoe  to  the  south 
end  of  Tupper  lake  no  syenite  was  seen  in  mass.  But  between 
Ohildwold  and  Horseshoe  the  syenite  crosses  the  railway  in  a 
belt  6  miles  in  width  from  north  to  south.  Its  extent  farther 
west  has  not  yet  been  determined,  but  it  can  not  go  far,  since 
Smiyth's  work  about  Oranberry  lake  shows  that  it  dies  out  before 
that  point  is  reached. 

Summary  of  section.  The  above  detailed  observations  show 
that  the  augite  syenite  which  is  exposed  widely  about  Big  Tupper 
lake,  extends  solidly  west  through  the  woods  to  the  railway, 
which  it  crosses  in  a  belt  6  miles  in  width,  dying  out  not  far  to 
the  west;  that  to  the  north  of  it,  along  the  Raquette  river,  is  a 
belt  of  red  and  green  gneisses  increasing  in  breadth  westward. 
The  green  gneisses  in  this  belt  much  resemble  some  of  the  more 
gneissoid  phases  of  the  augite  syenite,  and  it  will  be  later  shown 
that  they  are  closely  related  chemically.  They  are  moreover 
confined  to  the  border  zone,  and  only  the  associated  granitic 
gneisses  persist.  The  latter  cut  the  green  gneisses  intrusively 
and  are  clearly  somewhat  younger.  If  the  green  gneisses  have 
no  connection  with  the  syenite,  and  the  whole  represents  an  older 
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Beries,  it  ie  strange  that  no  evidence  of  this  is  forthcoming  in  the 
way  of  contacts  or  of  dikes  from  the  syenite  cutting  the  other. 
The  more  probable  explanation  is  thought  to  be  that  we  are  here 
dealing  with  a  great  area  of  eruptive  granite  which  cuts  and 
becomes  involved  with  the  syenite,  forming  a  border  zone.  It 
should  however  be  stated  that  the  titanite  gneisses  shown  here 
are  somewhat  unusual,  generally  of  no  great  extent,  and  are  not 
the  ueual  border  rocks  of  the  syenite. 

This  belt  of  gneisses  seems  prolonged  to  the  southeast  as  a 
narrow  band,  crossing  the  Raquette  between  Tupper  lake  and 
Raquette  pond,  and  expanding  along  the  shores  of  Big  Simons 
pond.  In  this  extension  the  titanite  gneisses  are  not  found,  the 
rocks  being  granitic  gneiss  and  certain  mongrel  gneisses  which 
appear  like  somewhat  weathered  augite  syenite,  such  as  are  fre- 
quent in  the  border  zone.  This  band  appears  to  separate  com- 
pletely the  Big  Tupper  lake  syenite  mass  from  that  found  at 
Tupper  Lake  village  and  thence  north  and  east.  But  it  is  the 
latter  that  sends  out  the  dikes  into,  and  shows  gradation  into 
the  anorthosite;  while  the  border  zone  under  discussion  might 
be  regarded  as  pertaining  equally  to  each.  The  village  mass 
also,  on  its  west  side,  shows  a  perfectly  characteristic  border 
zone,  and  then  passes  into  granite,  precisely  as  does  the  lake 
mass,  though  the  former  is  in  a  difficult  region  and  has  not  been 
130  carefully  investigated. 

It  should  also  be  emphasized  that  the  intervening  belt  under 
discussion  here,  constituted  of  granitic  gneiss  an.d  other  gneiss 
which  is  akin  to  the  syenite,  would  be  unhesitatingly  classed  in 
the  ordinary  "  gneiss  "  division  of  the  Adirondacks  (Kemp's  series 
1)  were  the  neighboring  syenite  not  present,  and  emphasizes  the 
view  that  the  syenites  are  akin  in  origin  and  age.  It  should  be 
further  said  that  this  series  1,  as  at  present  constituted,  in- 
cludes many  and  diverse  rock  types. 

District  between  Big  Tupper  lake  and  Horseshoe  pond 
The  shores  of  and  the  islands  in  Big  Tupper  lake  are  composed 
of  augite  syenite  except  at  the  extreme  upper  end.     For  the  most 
part  they  are  rocky,  so  that  exposures  are  frequent  and  show  well 
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the  variations  to  which  the  rock  is  subject.  This  syenite  area  is 
followed  to  the  south  by  a  belt  of  syenite  involved  with  granite, 
which  runs  down  the  west  shore  of  the  lake  for  some  little  dis- 
tance. On  that  shore,  just  opposite  the  south  end  of  County  Line 
island,  is  an  exposure  consisting  mainly  of  red  granite,  but  with 
some  green  syenite  gneiss  also.  The  granite  m  of  the  coarse  type, 
with  long  quartz  spindles  and  wholly  free  from  dark  silicates, 
which  is  often  founi  assjciit.^dwith  the  syexiitO.  Here  it  distinctly 
<;uts  the  syenite  intrusively,  the  syenite  being  present  only  in 
wedge  shaped  horses  and  smaller  fragments  surrounded  by  the 
granite.  Furthermore,  it  maintains  its  usual  structure  and  grain 
throughout,  whereas  the  granite  becomes  quite  fine  grained  in  a 
narrow  zone  about  it,  whoee  breadth  is  rudely  proportional  to  the 
«ize  of  the  inclusions,  and  varies  from  a  few  inches  up  to  2  feet. 

Farther  soiith  along  the  west  shore  the  rock  becomes  les-s 
typical  syenite  and  much  cut  out  by  various  granitic  gneisses. 
This  same  sort  of  a  zone  seems  to  surround  the  syenite  on  all 
sides.  Other  rocks  begin  to  appear  in  it,  notably  the  s-pindle 
granite  and  its  finer  grained  contact  phase.  The  syenite  itself 
becomes  more  acid  and  grades  into  an  augite  granite  which  has 
the  structure  and  aspect  of  the  syenite  rather  than  that  of  the 
^spindle  granite.  Considerable  masses  of  syenite  often  occur  in 
this  border  zone.  For  example,  in  ascending  Mount  Morris  from 
Moody,  the  syenite  is  left  behind  as  the  summit  is  neared*  and 
only  granite  appears,  followed  again  by  syenite  at  the  summit. 
Thence  south  into  Litchfield  park,  the  syenite  comes  in  again, 
unbroken  syenite  occurring  all  around  Lake  Madeline,  running 
into  the  mixed  rocks  on  all  sides. 

In  the  woods  between  the  upper  end  of  Tupper  lake  and  Horse- 
shoe station,  a  distance  of  some  5  miles,  the  few  exposures  found 
for  the  first  half  of  the  distance  are  of  the  mongrel  gneiss,  which, 
while  having  considerable  resemblance  to  the  augite  syenite,  is 
not  typical  for  that  rock  and  is  considerably  involved  with 
granitic  gneiss.  On  the  south  shore  of  the  pond  a  gneiss  of  wholly 
different  relationships  appears  in  a  narrow  belt  which  extends 
south  from  the  pond  to  Bog  river  and  possibly  beyond.    The  out- 
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crope  (1022  and  1023)  are  of  a  fine  grained,  easily  rotting,  black 
and  white  gneiss,  which  is  fairly  basic  and  full  of  coarse,  more 
acid,  pegmatitic  streaks.  It  is  one  of  the  hornblende  gneisses 
which  crop  up  in  all  situations  in  the  Adirondack^,  but  rather 
suggests  some  of  the  Grenville  gneisses. 

A  little  beyond,  i  mile  east  of  Horseshoe  station,  on  Mr  Low*» 
narrow  gage  railway,  is  a  rock  cut  (1024)  in  a  thoroughly 
gneissoid,  granitic  rock  made  up  of  microperthitic  feldspar  (some 
60^),  quartz  (25^  and  hornblende  and  magnetite.  The  rock  is 
medium  coarse,  tends  toward  a  granitic,  rather  than  a  granulitic 
structure,  and,  while  differing  somewhat  from  the  usual  run  of 
the  granite  which  is  associated  with  the  syenite,  is  likely  refer- 
able to  that. 

On  the  New  York  Central  and  Hudson  River  railroad,  i  mile 
south  of  Horseshoe  station,  is  a  rock  cut  (1025)  in  a  coarse  red 
gneiss,  quite  similar  to  the  last  except  for  being  less  gneissoid, 
so  that:  strictly  it  is  a  slightly  foliated  granite.  For  a  mile  north 
of  Horseshoe  there  are  no  rock  cuts,  though  there  are  several 
deep  cuts  in  the  heavy  drift  there.  In  these  are  many  boulders 
of  black  and  white  gneiss  similar  to  the  rock  south  of  the  pond 
(1022).  These  boulders  often  show  graphite  scales  and  tend  to 
emphasize  the  reference  of  that  rock  to  the  Grenville  series. 

Southwest  from  the  station,  on  the  narrow  gage,  a  rock  cut  is 
met  at  a  distance  of  J  mile.  Here  is  a  hornblende  gneiss  of  vary- 
ing grain,  with  crushed  and  drawn-out  augen  of  white  feldspar. 
The  track  here  runs  about  with  the  strike  (n.  55°  e.),  and  on  the 
north  side  of  the  cut  is  a  much  more  acid,  almost  granitic  gneis-s, 
which  is  plainly  interbanded  with  the  other.  Each  is  quite  like 
the  corresponding  type  of  the  previous  rocks  and  indicates  that 
there  is  here  a  belt  of  prevailing  acid  gneiss,  imterblended  with 
hornblende  gneisses  which  sometimes  approach  amphibolites, 
neither  rock  closely  resembling  any  of  the  syenite  phases.  The 
point  to  be  emphasized  is  that  this  is  a  narrow  band,  hemmed  in 
by  the  igneous  syenites  and  granites  on  both  sides,  and  with  the 
syenite  also  blocking  its  course  to  the  northeast  along  the  strike, 
at  no  great  distance. 
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On  the  narrow  gage,  1  mile  from  the  station,  is  a  cut  in  a  red- 
dish green,  coarse  rock  (1044),  with  numerous  feldspar  augen  and 
with  only  a  very  rudely  gneissoid  structure,  whose  color  is  inter- 
mediate between  the  usual  green  of  thp  syenite  and  the  red  of  the 
granite,  and  which  is  quite  typical  of  the  augite  granite  into 
which  the  syenite  is  elsewhere  found  grading.  1^  miles  farther, 
a  tremendous  cliff  of  a  red,  hornblende  granite  (1040)  rises  close 
by  the  track,  the  rock  being  more  gneissoid  than  the  previous,  but 
strongly  resembling  much  of  the  gi^anite  which  is  found  involved 
with  the  syenite  in  the  border  zone.  And  ^  mile  to  the  north, 
just  west  of  Little  Pine  pond,  is  another  great  vertical  cliff  (1041) 
some  50  feet  high,  of  a  red  granitic  gneiss  like  the  last.  Here, 
however,  it  is  associated  with  low  ridgee  of  a  somewhat 
weathered,  brown  and  greenish  brown  rock,  which  is  certainly 
referable  to  the  augite  syenite.  The  granite  is  likely  the  later 
granite,  though  no  contact  was  seen. 

Just  north  of  these  exposures,  along  the  road  from  the  station 
to  Lake  Marian,  outcrops  of  either  syenite  or  granite,  both  the 
granitic  phase  of  the  syenite  and  the  later  granite  being  present, 
occur  with  more  or  less  frequency  for  the  first  3  miles  from  the 
depot.  Then  the  rock  changes  to  interbanded  red  gneisses  and 
amphibolites,  similar  to  those  seen  about  Horseshoe  pond.  About 
Lake  Marian  is  a  mass  of  very  interesting  rocks.  Along  the  north 
shore  are  very  basic,  easily  disintegrating,  schistose  rocks,  some 
of  which  are  slightly  feldspathic,  but  most  of  which  are  wholly 
made  up  of  a  light  green  diopside,  colorless  in  thin  section,  and  a 
light  brown  mica  which  is  in  all  probability  phlogopite.  Both 
these  minerals  are  quite  characteristic  of  the  Grrenville  rocks,  and, 
though  no  limestone  was  seen,  these  rocks  are  unhesitatingly 
referred'  to  that  series.  With  these  are  involved  red  and 
black,  and  black  and  white  banded  gneisses.  The  former  hold 
much  orange  colored  titanite  along  with  blotite,  hornblende  and 
feldspar,  which  is  in  great  part  microcline.  But  quartz  is  prac- 
tically absent,  though  customarily  present  in  large  amount  in 
gneisses  of  this  miineralogy.  The  black  and  white  gneisses  also 
hold  considerable  titanite,  but  of  higher  color  and  largely  found 
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as  rims  around  the  magnetite.  They  further  consist  of  biotite 
and  hornblende,  some  20j^  of  quartz,  and  white  feldspars,  largely 
and^n,  mnce  five  fragments  in  the  slide  which  are  prox)erly  cut 
give  equal  extinctions  of  from  11°  to  20°  on  opposite  sides  of  the 
albite  twinning  plane.  The  remaining  feldspar  would  seem  to 
be  anorthoclase^  though  this  is  no(t  certain.  These  rocks  are  quite 
like  those  associated  with  the  magnetites  at  Hammondville, 
Essex  CO.,  and  it  is  of  interest  that  here  also  a  considerable  belt 
of  lean  magnetite  is  associated  with  the  black  and  white  gneiss, 
and  close  to  the  belt  of  very  coarse,  basic  pegmatite,  largely  com- 
posed of  coarse  hornblende,  with  plagioclaee,  titanite  and  mag- 
netite in  addition,  and  apparently  a  pegmatitic  development  of 
the  black  and  white  gneiss.  This  ore  belt  occurs  on  both  sides 
of  the  lake  and  was  traced  for  more  than  a  mile.  It  may  extend 
much  farther.  In  places,  possibly  everywhere,  the  rock  at  the 
contact  with  the  ore  is  a  peculiar  granulite  of  somewhat  rusty 
appearance,  and  containing  -some  60^  of  emerald  green  pyrox- 
ene^ orange,  colored  titanite,  and  abundant  orange  brown  garnet 
whose  shade  is  very  like  the  deeper  color  of  the  pleochroic  titanite. 
The  remaining  minerals  are  evenly  granular  quartz  and  feldspar, 
which  are  exceedingly  difficult  to  distinguish,  since  the  feldspar 
is  very  fresh  and  wholly  unmarked.  The  whole  makes  a  Sftrik- 
ingly  beautiful  combination  in  thin  section.  Beyond  this  belt 
the  granitic  gneisses  appear  again.  It  is  difficult  to  tell  whether 
the  ore  and  associated  rocks  should  be  regarded  as  members  of 
the  adjacent  Grenville  series  or  not,  though  a  strong  impression 
is  produced  that  such  is  the  case. 

Summary  of  section.  The  preceding  details  show  that  on  the 
east,  south  and  west  the  Tupper  lake  syenite  is  bordered  by  a  zone 
of  mixed  rocks,  consisting  of  very  gneissoid  syenite  involved  with 
granitic  gneiss.  On  the  one  hand,  the  syenite  is  found  grading 
into  a  granite  which  bears  a  strong  external  resemblance  to  it 
and  often  contains  the  same  augite,  the  passage  from  one  to  the 
other  being  wholly  unmistakable.  On  the  other  hand,  there  is 
abundance  of  a  granite,  often  very  gneissoid,  which  shows  always 
intrusive  contacts  against  the  syenite  when  contacts  are  exposed, 
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and  wMch  is  therefore  later,  but  at  the  same  time  would  seem  to 
represent  an  important  member  of  the  eruptive  series  that  makes 
ap  the  heart  of  the  Adirondacks.  As  one  reoedes  from,  the  main 
syenite  mas»,  the  syenite  content  of  the  border  zone  becomes  con- 
tinually smaller  and  eventually  disappears,  while  the  granitio 
^neiiM  spreads  away  to  the  south  and  west.  But  even  well  away 
from  the  main  syenite  mas*s,  small  bodies  of  syenite  are  fre- 
quently met  which  are  seldom  accommodating  enough  to  disclose 
their  relationshix>s  to  the  surrounding  granite.  Patches  of  the 
Grenville  rocks,  or  of  doubtful  gneisses  which  are  likely  of  Grenr 
ville  affiliations,  are  found  here  and  there,  but  such  patches  occur 
also  in  the  midst  of  the  syenites  and  anorthosites.  This  border 
zone  differs  slightly  from  that  on  the  north,  and  the  evidence 
that  we  are  dealing  with  a  mixed  belt  of  syenite  and  granite 
lying  between  a  syenite  mass  and  a  granite  mass,  seems  stronger 
than  on  the  north,  though  it  appears  to  be  also  the  case  there, 
the  pockfi  just  about  Piercefield  being  of  somewhat  doubtful 
association. 

GKNERAL.  CONCI^USIONS 

The  above  irecorded  observations  seem  to  the  writer  to  prove  in., 
some  cases,  and  to  strongly  indicate  in  others: 

1  that  the  Adirondack  anorthosite  is  cut  intrusively  by  an 
^ugite  syenite  which  is  therefore  younger; 

2  that,  while  the  larger  part  of  the  augite  syenite  of  the  Adiron- 
•dacks  is  in  such  situation  with  respect  to  the  anorthosite  as  to 
render  impossible  any  determinations  of  relative  age,  its  general 
•character  is  bo  uniform  throughout  that  it  is  exceedingly  probable 
that  it  is  all  of  the  same  approximate  age  and  consists  of  intru- 
-sions  from  the  same  source ; 

3  that  at  their  borders  these  syenites  pass  over  into  granites, 
ipart  of  which  at  least  cut  the  syenite  eruptively  and  are  there- 
Yore  younger; 

4  that  the  syenite  grades  into  granite  on  the  one  hand  and  into 
-gabbip  diorite  on  the  other,  and  apparently  into  anorthosite  as 
well; 
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5  that  the  three  together,  anorthosite,  syenite  and  granite,  form 
a  great  eruptive  complex  in  the  heart  of  the  Adirondack  region, 
and  that  all  are  younger  than  the  (in  pant  at  least)  sedimentary 
Grenville  rocke. 

The  writer  was  at  fiTet  disposed  to  take  a  different  view  from: 
that  given  above,  thinking  that  the  probable  explanation  of  the 
phenomena  was  the  presence  of  augite  syenite  of  two  diffei'ent 
ages  in  the  region,  the  one  younger  and  the  other  older  than  the 
anorthosite,  the  last  to  be  clashed  in  the  general  *^  gneis®  "  series 
of  the  Adipomdacks.  While  that  may  yet  prove  the  true  expla- 
Biation,  the  probabilities'  seem  to  favor  the  one  outlined  above^  and 
some  discu^on  of  the  subject  seems  desirable,  since  the  deter- 
mination of  the  truth  or  falsity  of  either  view  is  a  matter  of  much 
importance  in  Adirondack  geology. 

Classification  of  the  Adirondack  pre-Cambrian 

The  classification  of  the  pre-Cambrian«  rocks  which,  we  have  been 
tentatively  usiing  in  the  Adirondacks  ib  one  proposed  some  10 
years  ago  by  Kemp.  Excluding  certain  dikes,  the  rocks  were 
divided  into  three  groups. 

Series  1  was  defined  a®  a  great  group  of  gneisses  of  diverse 
kinds  and  of  somewhat  uncertain  origin,  though  likely  in  great 
part  igneous. 

Series  2  comprised  the  crystalline  limestones  and  associated 
quarts&ose,  sillimanite  and  graphitic  gneisses,  all  representing 
nuetamorphased  elastics,  and  closely  interbanded  with  other, 
notably  basic,  gneisses  which  are  probably  igneous  but  can  not 
be  separated  from  the  main  group. 

Lest  it  should  be  imagined  that  this  order  carried  any  implica- 
tion as  to  the  relative  ages  of  the  two  groups,  it  should  be  stated 
that  the  grouping  is  a  wholly  lithologic  one,  and  that  Kemp  has 
constantly  maintained  that  there  was  no  evidence  that  any  of  the 
rocks  included  in  series  1  were  older  than  the  rocks  in  series  2, 
though  admitting  that  older  rocks  might  be  represented.^ 


*  Kemp,  J.  F.     N.  Y.  state  geol.  13th  an.  rep't    1803.     1  :  448. 
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Series  3  was  <:oiistituted  to  include  the  rocks  of  the  gabbro 
igroup,  both  anorthosite  and  gabbro.  Though,  again,  the  subdi- 
vision is  a  lithologic  one,  Kemp  held  that  these  rocks  were  later 
than  those  of  both  the  other  series,  and  the  time  element  was 
made  of  importance  in  the  characterization  of  the  group. 
Further,  at  the  time  the  classification  was  propoised  these  gabbro 
rocks  were  the  only  ones  known  to  be  later  than  the  rocks  of 
aeries  1  and  2  in  the  Adirondack  pre-Cambrian. 

This  classification  was  propoised  as  a  working  hypothesis  sim- 
ply, and  ha®  been  of  the  greatest  service  in  all  subsequent  work. 

All  the  Adirondack  pre-Potsdam  rocks,  excluding  certain  dikes 
which  are  not  metamorphosed,  but  which  the  writer  has  shown 
to  have  preceded  the  Potsdam,  are  included  in  these  three  series. 
Regarding  the  matter  from  the  lithologic  standi>oint,  the  effect 
has  been  that  we  have  classified  everything  in  series  1  which 
could  not  be  nnmistakablv  shown  to  be  clastic,  and  hence  to 
belong  to  series  2,  or  to  be  a  gabbroic  rock  and  hence  a  member 
of  series  3.  As  a  result,  series  1  has  come  to  include  a  great 
variety  of  rocks,  likely  of  very  diverse  age,  and  we  all  recognize 
that  the  great  problem  of  Adirondack  pre-Cambrian  geology  is 
the  proper  discrimination  and  separation  of  these  diverse 
elements. 

Since,  however,  the  gabbro  rocks  are  distinguished  from  those 
of  the  remaining  series,  not  only  from  the  lithologic  standpoint, 
but  also  because  they  are  clearly  of  eruptive  origin  and  because 
they  are  younger,  it  would  soem  philosophical  to  enlarge  that 
^roup  in  order  that  it  may  contain  not  alone  gabbros,  but  also 
all  rocks  which  c£n  be  shown  to  be  of  igneous  origin  and  to  be 
akin  in  age  to  the  gabbros.  This  is  in  fact  the  position  taken  by 
Kemp,  the  age  difference  being  deemed  of  more  importance  than 
the  lithologic. 

In  the  writer's  judgment  a  large  (it  is  likely  the  larger)  part  of 
the  rocks  which  have  heretofore  been  classified  with  series  1  can 
be  shown  to  be  eruptives  and  to  be  in  all  probability  as  young  as 
the  anorthosite.  So  probable  does  this  seem  that  it  is  quite 
justifiable  to  point  out  the  effect  from  the  classification  stand- 
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pointy  and  to  urge  the  consideration  of  a  modified  classification 
as  an  alternative  working  hypothesis. 

Becent  work  of  Kemp  and  Smyth 

At  this  writing  the  latest  published  reports  on  the  Adirondack 
work  embody  the  results  reached  up  to  the  close  of  the  field  work 
of  1897  only;  the  more  recent  results  not  being  available,  unfor- 
tunately, for  comparative  purposes,  because  unpublished.  Thi» 
is  -more  specially  true  of  Prof.  Kemp'e  work,  a  recent  consulta- 
tion with  Prof.  Smyth  having  made  him  and  the  writer  familiar 
with  each  other's  results.  But  in  the  17th  annual  report  of  the 
state  geologist  appear  papers  of  great  importance  by  both  Kemp 
and  Smyth,  which  have  bearing  on  the  subject  under  discussion. 

Kemp's  report  deals  mainly  with  the  extreme  southeast  por- 
tion of  the  region.  He  shows  the  presence  of  considerable  bodies 
of  augite  syenite  which  he  classes  with  the  general  group  of 
gneisses,  series  1,  as  the  "Whitehall  type"  of  gneiss.  He  classes 
them  thus,  since  they  are  gneissoid  and  involved  with  other 
gneisses,  and  since  no  opportunity  was  afforded  for  determining 
their  relations  to  the  anorthosite,  that  beingabsent  in  thedistrict. 
He  remarks  also  the  abundance  of  crystalline  limestone  and  the 
various  gneisses,  in  large  part  of  probable  sedimentary  origin, 
which  are  everywhere  asisociated  with  it.  He  also  shows  that 
much  of  a  granitic  rock,  sometimes  quite  massive  but  more  often 
gneissoid,  occurs,  and  describes  it  as  the  "  Horicon  type  "  of  the 
gneiss  group  (series  1).  The  writer  is  disposed  to  correlate  these 
granitic  rocks  with  the  granites  described  in  this  paper  as  asso- 
ciated with  the  syenite  in  the  Tupper  lake  region,  but,  as  he  has 
not  seen  the  specimens,  the  reference  is,  of  course,  merely  tenta- 
tive. Kemp  does  not  seem  to  have  come  across  any  exposures 
which  would  throw  light  on  the  question  of  the  relations  of  the 
"  Whitehall  "  gneiss  (augite  syenite)  to  the  crystalline  limestones 
on  the  one  hand,  or  to  the  granitic  rocks  of  the  "  Horicon  type  "^ 
on  the  other;  at  least  no  reference  to  these  relations  has  been 
noted  in  a  careful  reading  of  the  paper.  On  p.  540,  in  describ- 
ing the  rock  succession  at  the  graphite  mine  in  Hague,  Kemp 
mentions  an  acid,  titanite  gneiss  as  forming  the  lowest  rock  seea^ 
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and  makes  the  acute  suggestion  that  it  probably  belongs  in  the 
general  eruptive  series  with  the  Whitehall  augite  eyenite  gneiss. 
This  is  precisely  the  same  gneiss  as  that  described  from  and  about 
Piercefleld  in  the  present  report.  It  is  also  the  same  gneiss  as 
that  about  Lake  Marian,  where  it  is  associated  with  a  magnetite 
ore  body  and  with  supposed  Grenville  rocks.  Though  the  writer 
is  in  doubt  as  to  its  precise  relations,  his  inclination  is  to  refer 
it  to  the  general  eruptive  series,  as  Kemp  does. 

To  summarize,  Kemp  reports  large  bodies  of  syenite  and 
granite,  mostly  gneissoid,  whose  eruptive  origin  is  distinctly 
stated,  which  are,  by  implication  at  least,  younger  than  the  Gren- 
ville seriee,  but  whose  relationship  to  the  anorthosite  there  is  no 
opportunity  for  determining. 

Smyth'©  rei)ort  deals  largely  with  an  area  of  augite  syenite  in 
the  western  Adirondacks,  the  Dlana-Pitcaim  area,  in  which  most 
interesting  and  important  observations  were  made  and  recorded. 
In  this  area  again,  however,  the  absence  of  anorthosite  precludes 
any  determination  of  the  relations  of  the  two  eruptives.  But, 
on  the  other  hand,  the  rock,  variable  here  as  elsewhere,  is  shown 
to  have  an  important  gabbro  facies,  and  to  pas«  locally  into  a 
gabbro. 

The  evidence  detailed  in  the  report  shows  in  the  clearest  man- 
ner that  the  syenite  cuts  the  Grenville  rocks  irruptively  and  is 
therefore  younger,  the  widespread  character  of  the  Grenville  on 
the  northern  border  of  the  syenite  giving  exceptional  opportunity 
for  such  determination.  It  also  shows  that  on  the  south  the 
syenite  boundary  is  not  clearly  defined,  but  that  it  apparently 
I>a6ses  over  into  a  granitic  gneiss,  and  Smyth  had  previously 
shown  a  definite  transition  of  the  sort,  west  of  Natural  Bridge  in 
Jefferson  county.^  Farther  to  the  south,  he  shows  the  presence 
of  a  different  granite,  usually  gneissoid,  which  he  is  in  doubt 
whether  to  regard  as  a  derivation  product  of  the  syenite  or  as 
representing  .  a  separate  intrusion,  but  which  in  either  case 
einphaaizes  their  close  relationship.  He  also  remarks  the  wide 
di&txi'bation  of  such  granitic  gneisses  in  the  southwest 
Adirondacks. 

^  GeoL  woe.  Am.  Bi^  6 :  28^-9S. 
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The  above  observations  fall  exactly  in  line  with  those  detailed 
in  the  present  report.  The  aagite  syenite  is  found  grading  into  a 
granite  on  the  one  hand;  on  the  other,  another  granite  is  found, 
and  the  writer's  observations  would  indicate  that  this  is  later  and 
cute  the  syenite  intrusively.  This  is  certainly  true  of  a  granite 
which  can  not  be  distinguished  from  the  main  mass  of  the  rock. 
That  the  syenite  is  markedly  younger  than  the  Grenville  rock«  is 
also  shown,  and  to  greater  perfection  than  in  any  other  locality 
yet  known  in  the  Adirondacks. 

Belationship  of  the  syenite  and  granite  to  anorthosite 

It  would  seem  that  there  is  substantial  agreement  between 
Prof.  Kemp  and  Pi*of.  Smyth  and  the  writer,  that  there  are  large 
masses  ofi  syenitic  and  granitic  gneisses  in  the  Adirondacks, 
which  are  of  igneous  origin  and  younger  than  the  Grenville 
rocks.  But,  so  far  as  the  writer  is  aware,  no  observations  bear- 
ing on  the  relative  age  of  the  anorthosite  as  compared  with  the 
syenite  and  granite  have  been  put  on  record,  aside  from  those 
from  the  localities  mentioned  in  this  report.  Here  a  locality  has 
been  described  in  which  there  is  an  apparent  transition  from 
anorthosite  to  augite  syenite,  though  the  outcrops  are  not  suffi- 
ciently numerous  to  permit  of  certainty  in  the  matter ;  another 
locality  has  been  described,  where  augite  syenite  appears  in 
considerable  force  invading  anorthosite  irruptively,  and  yet 
others  where  augite  syenite  dikes  cut  the  anorthosite.  There 
are  also  occasional  granite  dikes  in  the  same  rock.  But  the  re- 
verse phenomena  have  not  been  noted.  The  anorthosites  cut 
the  Grenville  rocks  irruptively,  but  there  is  no  evidence  either 
in  the  shape  of  contacts  or  of  dikes  to  show  that  they  are  later 
than  the  syenite.  The  evidence  is  conclusive  that  augite  syenite 
is  present  in  the  Adirondacks,  which  is  closely  related  to  the 
anorthosite,  but  which  is  somewhat  younger. 

AVhile  it  has  not  been,  and  for  the  most  part  can  not  be  shown, 
that  the  different  augite  syenite  areas  in  the  region  are  all  of 
approximately  the  same  age,  there  is,  so  far  as  the  writer  knows^ 
absolutely  no  evidence  of  difference  in  age,  and  the  structural, 
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minerailogic  and  chemical  characters  of  the  rock  in  the  different 
^reafi  agree  so  closely  as  to  afford  strong  presumiption  of  their 
*e«9eiLtial  unity.  Granting  the  unity  of  the  rock,  it  must  then  be 
^1  classed  with  the  anorthoeite  as  a  mem'ber  of  series  3  of 
Kemp's  classification.  The  granites  also,  the  one  due  to  variation 
in  the  syenite  majss,  the  other  of  somewhat  later  origin,  must  be 
indued  in  the  «ame  series,  which  thus  comes  to  include  a  great 
^roup  of  eruptive  rocke  ranging  from  acid  granites,  through 
«yenite  and  anorthosite,  to  quite  basic  gabbros. 

One  objectit)n  to  the  above  view  which  has  often  impressed 
itself  on  the  writer  is  that  the  syenites  and  granites  are  more 
frequently  and  miore  markedly  gneissoid  than  are  the  anortbo- 
«ite6,  thus  ppeeenting  the  appearance  of  having  experienced  more 
•excessive  metamorphism  than  has  fallen  to  the  lot  of  the 
•anorthosite,  and  therefore  implying  a  greater  age.  But  it  is 
believed  that  this  difficulty  is  more  apparent  than  real,  and  likely 
is  due  to  the  peculiar' character  of  the  anorthosite  magma.  The 
j^at  deficiency  of  iron  and  magnesia  in  this,  which  gives  the 
rock  its  character  a«  a  purely  feldspathic  one  with  nearly  total 
freedom  from  dark  silicates,  is  probably  responsible  for  its 
4innsual  coarseness  of  crystallization,  and  prevents  much  recrys- 
'tallization  m  a  result  of  metamorphismi,  at  leaist  re  crystallization 
■can  only  give  rise  to  more  feldspar.  All  three  rocks  anorthosite, 
•syenite  and  granite,  show  much  variation  from  place  to  place, 
l>eing  here  quite  massive  and  there  well  foliated,  and  the  more 
massive  syenites  and  grg^nites  show  clearly  that  they  never 
possessed  any  approximation  to  the  very  coarsely  crystalline 
•character  of  the  anorthosite.*  Therefore  they  would  granulate 
more  readily  and  would  show  small,  rather  than  large  augen. 
Whenever  the  anorthosite  shows  any  tendency  toward  gabbro, 
dark  silicates  appearing  in  any  amount,  the  grain  becomes  less 
coarse,  foliation  appears  and  recrystallization  also,  notably  shown 
by  the  abundance  of  garnet.  The  more  purely  feldspathic 
syenites  also  are  apt  to  be  coarser  than  those  in  which  the  iron 
and  magnesia  percentages  are  higher. 
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The  eruptive  core  of  the  Adirondacks 

It  has  been  shown  in  the  preceding  pages  that  the  anorthosite 
tends  to  grade  into  a  more  gabbroic  rock  at  its  borders,  becoming- 
at  the  same  time  much  more  gneissoid,  and  it  is  also  the  fact 
that  it  fades  out  into  the  neighboring  rock-s  through  transition 
phases,  precisely  as  the  syenite  does.  The  Franklin  countj 
anorthosite,  the  only  large  mass  with  which  the  writer  is  per- 
sonally familiar,  passes  at  the  south  and  southwest  into  a  more 
and  more  gneissoid  rock,  with  constantly  fewer  and  smaller 
liabradiorite  augen,  which  jinally  disappear,  and  the  rock  would 
not  be  taken  to  have  even  a  remote  connection  with  anorthosite 
by  an  observer  coming  on  it  from  the  opposite  direction.  Kemp 
reports  similar  facts  from  Essex  county.  These  border  zones  of 
the  anorthosite  deserve  more  attention  than  they  have  yet 
received.  In  the  writer's  district  they  have  not  yet  been  met 
with  under  sufficiently  favorable  auspices  to  encourage  detailed 
work.  All  the  exposures  seen  show  the  rock  much  rotted  and 
altered. 

The  gabbros  (hyperites)  illustrate  the  same  thing.  They  fre- 
quently show  a  more  or  less  massive  core,  from  which  they  pas» 
into  gneissoid  gabbro  diorites  and  amphibolites  on  all  sides,  and 
these  may  become  involved  and  interbanded  with  other  rocks,  so 
that  they  can  not  be  sharply  separated  in  mapping. 

Moreover  they  have  a  wide  range  in  the  Adirondacks,  far 
beyond  that  of  the  anorthosite,  and  thus  negative  any  argument 
seeking  to  separate  the  syenite  from*  the  anorthosite  because  of 
its  much  wider  range.  The  same  reasoning  would  also  separate 
the  gabbros,  yet  these  are  clearly  later  than  the  anorthosite.  It 
is  therefore  thought  that  the  apparently  less  metamorphosed 
character  of  the  anorthosite  is  merely  an  apparent  difference, 
likely  a  result  of  its  peculiar  chemical  composition. 

But,  if  it  be  granted  that  these  rocks,  ranging  from  granite  to 
gabbro,  are  all  members  of  a  great  eruptive  series  of  which  the 
aliorthosite  would  seem  to  be  the  oldest  member,  interesting  con- 
sequences follow  in  regard  to  the  distribntion  of  the  eruptives, 
and  in  regard  to  the  content  of  series  1  if  these  be  abstracted. 
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As  a  result  of  reconnaiseance  work  in  1800,  Van  Hise  came  to 
the  coii€lusioiL  that  the  Adirondack  pre-Gambrian  comiprises  "  a 
core  of  eruptive  basic  rock,  which  has  upthrust  and  intruded' 
itself  within  the  gneissic  eieries.  Because  of  the  character  of  the 
gneissio  eeries,  containing  quartz  schist,  graphite  schist,  and 
crystalline  limestone,  including  graphite,  it  is  regarded  as  having^ 
beesQL  originally  clastic.  Its  present  crystalline  character  and 
quaquayersal  arrangement  is  doubtless  due  to  the  intrusion  of 
the  gabbro.  •  .  The  lowest  coarse  grained  gneiss,  inferior  to 
the  limestone,  perhaps  belongs  to  a  still  earlier  series,  but  thi» 
is  a  point  upon  which  closer  studies  are  needed."^ 

During  the  progress  of  the  later  Adirondack  work  we  have 
been  finding  considerable  fault  with  this  summary  of  Van  Hise's. 
Most  certainly,  if  the  eruptive  core  be  limited  to  the  gabbro  rocks,, 
the  statement  is  wide  of  the  mark,  nor  is  the  assertion  of  a 
quaquaversal  arrangement  of  the  gneisses  found  to  accord  with 
our  observations  on  dip  and  strike.  But,  if  the  syenite  and 
granite  be  included  in  the  eruptive  series  in  addition  to  the 
gabbro  rock®,  then  the  statement  in  respect  to  the  etruptive 
oore  comes  much  nearer  to  representing  the  real  state  of  things; 
though^  since  the  eruptives  are  themselves  heavily  metamor- 
phosed, their  invasion  can  not  be  regarded  as  the  sole,  or  perhapa 
not  even  as  the  main  cautse  of  the  crystalline  character  of  the 
gneisses.  If  they  be  included,  then  the  great  central  mass  of 
the  AdirondackB  does  consist  of  an  eruptive  complex,  anortho- 
«ite  on  the  east  and  north,  syenite  and  granite  on  the  south,  west 
and  north,  eruptives  which  have  invaded  the  gneisses  from 
beneath.  Kemp,  in  a  recent  valuable  paper  on  pre-Cambrian 
sediments  in  the  Adirondacks,^  has  emphasized  the  massing  of 
iiie  liniefltones  and  clastic  gneisses  on  the  southeast  and  north- 
west. While  in  a  general  way  this  is  true,  small  outcrops  of  these 
rocks  are  more  numerouts  in  the  heart  of  the  region  than  the 
published  daita  at  Kemp's  disposal  when  Ms  paper  was  written 
led  him  to  believe.    These  patches  are  of  small  extent  and  occur 


Hise,  O.  B.    U.  S.  geol.  sur.    Bui.  86: 398-99. 
*  Sdence;    New  ser.  12: 81-98. 
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Tvholly  eurpounded  by,  and  resting  on  the  eruptives.  In  the 
Tvriter's  judgment,  many  more  will  be  found  when  the  interior 
region  is  more  carefully  gone  over  than  has  hitherto  been  poesi- 
tie,  and  there  minst  be  others  wholly  concealed  beneaith  drift  and 
ordinary  forest  covering;  but,  as  it  is,  they  are  sufficiently  numer- 
ous, and  of  sufficiently  scattered  distribution,  to  indicate  that  the 
claaticB  formerly  spread  over  the  entire  region,  and  have  been 
silmost  completely  removed  from  the  interior  by  erosion.  A  quite 
possible  explanation  of  the  differenice  in  conditions  between  the 
Leart  of  the  region  and  the  border,  between  prevailing  eruptives 
holding  scattered  patches  of  the  clastic  gneisses  and  much  more 
abundant  elastics  with  occasional  eruptive  knobs,  is  that  erosion 
lias  cut  more  deeply  in-  the  heart  of  the  region,  that  it  has  experi- 
enced greater  uplift  and  therefore  greater  wear  than  the  border, 
so  that  the  conditions  which  prevail  at  the  surface  in  the  former 
are  yet  buried  at  some  depth  below  it  in  the  latter.  The  occur- 
rence of  augite  syenite  forming  the  pre-Cambrian  outlier  at  Little 
Falls  in  the  Mohawk  valley  sihows  that  the  eruptives  pas®  under 
the  Paleoz^oic  oovei*  at  the  extreme  border  along  with  the  clastic 
^eisses,  and  that  therefore  the  invasion  of  the  elastics  by  the 
eruptives  from  beneath  was  widespread  and  not  limited  simply 
to  the  heart  of  the  Adirondacks. 

If  the  syenite  and  granite  be  transferred  from  series  1  to  series 
3,  what  remains  of  the  former?  It  certainly  is  vastly  diminished 
in  importance  and,  instead  of  being  the  most  extensive  of  the 
Adirondack  formations,  comes  to  be  subsidiarv  to  series  3.  There 
is  however  in  the  region  a  considerable  body  of  gneiss,  for  the 
most  part  of  border  distribution,  which  seems  not  to  have  any 
connection  with  the  eruptives  of  series  3.  Though  these  gneisses 
«eem  to  be  in  part  of  igneous  origin,  such  origin  for  another  part 
is  open  to  considerable  doubt.  Such  gneisses  form  most  of  the 
pre-Cambrian  area  of  Cliniton  county  and  the  border  of  Franklin 
and  eastern  St  Lawrence  counties,  territory  over  which  they  are 
singularly  free  from  admixture  with  undoubted  Grenville  rocks, 
small  patches  of  which  do,  however,  occur.  Instead  of  having  a 
massive  character  and  wide  distribution,  with  gradation  from  one 
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rock  to  another,  they  nearly  always  show  at  least  a  rude  banding> 
at  least  two  sorts  of  gneiss  occurring  in  nearly  every  exposure^ 
sometimes  in  rapid  alternation,  sometimes  in  thicker  bands. 
The  two  commoner  mixtures  are  of  a  red,  granitic  gneiss  with  & 
hornblende  gneiss,  or  of  a  somewhat  different,  red,  acid  gneiss 
with  gray,  granulitic  bands,  usually  of  pyroxene  granulite.  In  the 
former  case  both  rocks  seem  igneous  and  the  granitic  gneiss  cuts 
the  other,  but  usually  it  has  injected  a  multitude  of  thin  sheets 
of  granite  along  the  foliation  planes  of  the  other  rock,  and  the 
whole  hais  been  drawn  out  so  as  to  produce  a  distinctly  banded 
appeairaiice.    The  other  rocks  ai'e  of  uncertain  origin  and  nature;. 
Other  sorts  of  gneiss  also  occur.    Such  rocks  occur  in  more  or 
less  abundance  all  about  the  border  of  the  Adirondack  region^ 
as  well  as  in  patches  in  its  heart.    And  the  same,  or  at  least 
very  similar  rocks  are  found  associated  with,  apparently  often, 
interbanded  with,  the  limestones  and  clastic  gneisses  of  series  2. 
It  would  appear  that,  in  so  far  as  they  may  be  clastic,  they  belong. 
to,  and  should  be  classed  with,  that  seriea    In  so  far  as  they  may 
be  igneous,  they  seem  in  the  majority  of  cases  to  be  later  than- 
the  elastics,  though  intimately  interwoven  with  them  and  miuch. 
earlier  than  the  main  eruptive  series.    If  there  are  any  rocks  in 
the  region  which  are  older  than  those  of  series  2,  they  are  to  be 
found  among  these  gneisses,  but  none  have  yet  been  definitely 
shown  to  be  older.    But  there  is,  as  yet,  no  evidence  of  any  sort, 
oonceming  the  age  of  m'uch  of  this  gneiss.    In  the  writer's  judg- 
ment, a  considerable  part  is  to  be  classed  with  the  G^renville  rocks,. 
series  2,  mainly  consisting  of  closely  contemporaneous  igneous 
rocks.    It  is  by  no  means  improbable  that  all  should  be  so  classed, 
and  that  the  Adirondack  pre-Cambrian  can  all  be  placed  under 
Kemp's  series  2  and  3.    But,  whether  this  be  ultimately  proven 
to  be  (the  case  or  not,  and  if  the  expansion  of  series  3  here  urged 
be  accepted^  there  will  still  remain  a  considerable  body  of  gneiss 
for  which  a  sej^arate  subdivision  is  a  convenience,  if  not  a  neces- 
sity, in  our  paresent  state  of  ignorance.    The  writer  simply  wishes 
to  urge  the  other  point  of  view  as  a  possible  one,  to  be  used  as  a 
working  hyiK>fbe8i8  in  further  investigation  in  the  region,  and  to- 
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record  his  belief  that  most,  if  not  all  of  the  Adirondack  pre-Oam- 
l)rian  can  be  included  in  series  2  and  3  provided  the  former  be 
expanded  so  as  to  include  igneous  rocks  which  were  contemporary 
with,  or  followed  closely  on  the  deposition  of  the  claBtice,  and 
w^hich  are  older  than  the  eruptives  of  series  3.  While  siuch  sub- 
division wholly  fails  to  account  for  the  floor  on  which  the  clastic 
rocks  were  deposited,  this  floor  is  not  to  be  discovered  at  present; 
there  still  remains  the  possibility  that  it  may  be  represented  by 
igneifises  siuch  as  those  of  Clinton  county. 

Order  of  succession  of  the  Adirondack  eruptives 

In  a  region  where  the  general  rock  relations  were  not  con- 
fused by  severe  metamorphism,  such  evidence  as  that  adduced  in 
this  paper  would  suffice  to  establish  the  order  of  succession  of  the 
eruptives  as  first  anorthosite,  followed  by  syenite,  granite  and 
lastly  gabbro.  Much  later  came  diabase  and  syenite  porphyry 
•dikes,  though  these  are  still  pre-Potsdam  in  age.  There  are  other 
eruptives  besides  the  four  most  prominent  ones  just  mentioned, 
but  only  in  subordinate  amount. 
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AlsOs 2897  .2593  .2004  ,1912  .1506  .1795      .1584  .144 

PesOs 0103  .0081  .0174  .0072  .0216  .0026  008 

-FeO 0736  .0092  .0764  .0785  .1014  .0494      .0475  .0451 

JMgO 0302  .0172  .0497  .0195  .0195  .0087      .0182  .0065 

CaO 178  .1929  .0963  .06  .0723  .0523      .0411  .0393 

Na20 0563  .0705  .0839  .0856  .0594  .0816      .0703  .0565 

SKaO 0135  .0097  .0357  .0439  .414  .0547      .0601  .0626 

1  Noritev  wall  rock  of  titaniferous  magnetite  deposit,  Lincoln  pond,  Eliza- 

bethtown,  Essex  co.    Description  by  J.  F.  Kemp,  analysis  by  W.  F. 
Hillebraod,  U.  S.  geol.  sur.    19th  an.  rep*t.    pt  3,  p.  407.    1899. 

2  Gabbro  (hyperlte),  dike  near  Nicholville,  Hopkinton,  St  Lawrence  co. 

Brief  mention  by  H.  P.  Gushing.      N.  Y.  state  geol-    16th  an.  rep't. 

189a.    p.  22.    E.  W.  Morley  analyst. 
«3  AnorthOBlte  gabbro,  Oarnes's  quarry,  Altona,  Clinton  co.    Description 

by  H.  P.  Gushing,  analysis  by  E.  W.  Morley.     N.  Y.  state  geol. 

l&ttk  an.  rep't    p.  r58. 
4  AxiorthOBite,  summit  of  Mt  Marcy,  Keene,   Essex  co.     A.  B.  lieeds 

analylt    N.  Y.  state  mus.  30th  an.  rep't   p.  92. 
Z  Anivtliofilte,  Keene  township,  Essex  co.  (precise  locality  not  given). 

A.  B*  IieedB  analyst    N.  Y.  state  mus.  30th  an.  rep*t 
6  Anorthbsite  showing  transition  to  augite  syenite  (905),  cut  by  N.  Y.  C. 

ft  H.  B.  B*  B.  nearly  5  miles  north  of  Tupper  Lake  Junction,  Alta- 

mont,  Franklin  co.    E.  W.  Morley  analyst 
7.  Gabbro,  Intermediate  between  gabbro  and  augite  syenite  and  occurring 

as  a  basic  pbase  of  the  latter;  from  Natural  Bridge,  Diana,  Lewis 

ecK    Daaaipiioii  and  analyaiB  by  C.  H.  SmytU  jr.    GeoL  see  Am. 
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8  Auglte  syenite  (985)  from  the  great  Intrusion  into  anorthosite,  road 

from  Tupper  Isike  to  Wawbeelc,  ^  mile  east  of  Halfway  brooks 
which  marks  the  line  between  townships  22  and  23,  Franklin  co. 
E.  W.  Morley  analyst. 

9  Augite  syenite,  cut  by  N.  Y.  C.  &  H.  R.  R.  R.  3J    miles  north  of 

Tupper  Lake  Junction  (906)  and  1  mile  from  the  first  anorthosite 
outcrops,  the  latter  being  of  the  transition  type  of  905,'  analysis  6;. 
Altamont,  Franklin  co.     E.  W.  Morley  analyst. 

10  Gneiss,    referred    somewhat    doubtfully    to    augite    syenite;    occurs 

involved  with  a  later  granitic  gneiss  in  the  border  zone  of  the^ 
augite  syenite;  from  cut  by  N.  Y.  O.  &  H.  R.  R.  R.  between  Fierce- 
field  and  Ohildwold,  and  i  mile  from  the  latter  (1006);  Hopkinton^ 
St  Lawrence  co.    E.  W.  Morley  analyst. 

11  Augite  syenite.  Loon  lake,  Franklin  co.,  typical.     Description  by  H.  P. 

Gushing,  analysis  by  E.  W.  Morley.    Geol.  soc.  Am.  Bui.  10:177-92. 

12  Augite  syenite,  near  Harrisville,  Diana,  Lewis  co.;  the  gabbroic  rock„ 

analysis  7,  is  a  differentiation  phase  of  this  syenite.  Description 
and  analysis  by  C.  H.  Smyth  jr.  Geol.  soc.  Am.  Bui.  6:271-74;  and 
N.  Y.  state  geol.  17th  an.  rep't  1897.   p.  471-86. 

13  Augite  syenite.  Little  Falls,  Herkimer  co.    Description  in  the  paper  on 

the  pre-Cambrian  rocks  at  Little  Falls  which  accompanies  this  report^ 
E.  W.  Morley  analyst. 

14  Quartz  augite  syenite,  from  border  zone  and  accompanied  by  granite,.. 

cut  by  N.  Y.  &  Ottawa  R.  R.  2^  miles  south  of  Willis  pond,  Alta- 
mont, Franklin  co.    E.  W.  Morley   analyst. 

The  writer  wishes  to  express  his  great  Indebtedness  to  Prof.  Morley 

for  his  hearty  cooperation.     Part  of  the  above  analyses  were  made  out 

of  pure  goodwill  for  the  writer;  part  by  order  of  the  New  York  state 

museum. 

Discussion 

The  gabbros  are  the  most  basic  rocks  of  (the  Adirondack  erup- 
tive core,  except  for  their  own  local,  iron  rich  differentiations 
which  give  rise  to  the  titaniferous  magnetite  ore  dei>osits.  The 
two  analyses,  1  and  2,  represent  well  their  general  composition 
and  the  usual  limits  of  their  variation. 

Unfortunately,  with  the  exception  of  analysis  3^,  no  analyses  are 
available  of  the  transition  rocks  between  the  gabbros  and  the 
anorthosites,  such  transition  rocks  occurring  at  the  borders  of  the 
main  anorthosite  bodies  as  well  as  in  smaller,  separate  masses, 
though  the  general  differentiation  of  the  gabbro  and  anorthosite 
must  be  regarded  as  having  taken  place  below,  in  the  parent 
magma  of  both.    The  smaller  anorthosite  bodies,  such  as  those- 
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near  Keeeeyille  and  on  Band  hill  in  Clinton  county,  the  latter 
f  amiflhing  the  rock  whose  analyses  appears  in  column  3,  are  yery 
markedly  gabbroic.  The  analysis,  however,  shows  a  rock  which, 
in  its  high  alumina  and  rather  low  iron  and  magnesia,  is  much 
closer  to  anorthoerte  than  to  gabbro.  It,  nevertheless,  repreeente 
an  intermediate  stage  in  every  single  constituent.  It  was  choc»en 
for  analysis  because  of  its  freshness  and  in  spiite  of  the  fact  that 
it  appeared  to  be  the  most  anorthositic  portion  of  the  Band  hill 
body  and  therefore  not  a  fair  representative  of  its  general  char- 
acter. The  main  rock  is  a  more  srtrictly  intermediate  one,  and 
the  same  thing  is  true  of  the  Keeseville  rock  and  of  much  of  the 
border  of  the  great  anorthosite  mass  of  Franklin  counjty. 

As  close  a  calculation  as  can  be  made  of  the  mineral  composi- 
tion of  the  anorthosite  gabbro  of  analysis  3,  without  analysis  of 
the  component  minerals,  indicate  some  70j^  of  feldspar,  made  up  of 
orthoclase  7.5j^,  albite  29.755^  and  anorthite  32^^.  In  addition  there 
are  11.75^  of  garnet,  Ijt  of  augite,  4j^  of  hornblende,  2.5j^  of  mag- 
netite and  5^  of  quartz.  The  free  quartz  is  specially  noteworthy 
in  so  basic  a  rock,  is  usually  to  be  found  in  the  anorthosite  gabbro 
of  the  region,  and  recalls  the  quartz  norites  described  by 
Kolderup  as  associated  with  anorthosite  in  the  Ekersund-Sog- 
gendal  district  in  Norway.  For  com'parative  purposes  four  of  his 
analyses  are  appended. 

12  3  4  5 

SiQj 53.42      52.61      62.21      53.28      51.62 

AlgO, 28.36      27.15      19.24      23.3        24.45 

Fe208 )  (1.65 

>       1.8        4.05      10.46        7.55     I 
FeO S  (5.3 

MgO 31  1.55  2.36  3.02  1.21 

CaO 10.49  9.96  7.28  5.01  9.97 

NijO 4.82  4.53  3.48  3.9  3.49 

KaO .84  .78  1.09  1.51  1.27 

1  Anorthosite  (labradorlt),  Ogne,  Norway.    Kolderup  analyst.    Die  labra- 

dorfelse  des  westUchen  Norwegens.    Bergens  museums  aarbog.    1896. 
11.20. 

2  Anorthofliite  norite  (labradoritnorit),  Ekersund.  Kolderup  analyst,  p.  20. 
8  Quartz  norite,  Soggendal.    Kolderup  analyst,    p.  16. 

4  Quarts  norite,  Theingsvaag  bei  Ekersund.    Kolderup  analyst,    p.  16. 

5  Anorthosite  gabtiro«  Cames's  quarry,  Rand /hill. 
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It  is  to  be  noted  that  Kolderup's  quartz  norites  are  more 
typical  for  the  rock  than  the  one  analyzed  from  the  Adirondacks, 
that  approaching  anorthosite  more  closely  and  being  more  like 
his  anorthoeite  norite  in  many  resi)ects.  His  quartz  norites  show 
10^  or  more  of  quartz  as  against  the  5;^  of  the  Rand  hill  rock. 
But,  as  has  been  stated,  the  larger  part  of  the  Band  hill  roek  is 
more  quartzose.  than  the  specimen  analyzed  and  would  in  all 
probability  approach  his  quartz  norite  very  closely. 

The  chemical  differences  between  the  anorthosite  gabbro  of 
analysis  3  and  the  anorthosites  of  4  and  5  of  the  original  table 
are  flight,  3  showing  diminished  silica,  alumina  and  soda,  and 
increased  iron  and  magnesia;  they  suffice  however  to  cause  a  drop 
in  the  feldspar  content  from  over  90^  in  the  anorthosite  to  70j< 
in  the  anorthosite  gabbro.  In  all  these  anorthoeitic  rocks  part 
of  the  potash  is  in  the  labradorite,  replacing  a  certain  amount  of 
soda.  Analyses  of  this  feldspar  always  show  it,  and,  in  calculat- 
ing the  rock  analyses,  it  is  necessary  to  assume  that  part  of  the 
calculated  orthoclase  goes  with  the  albite  to  form  labradorite, 
in  order  to  bring  about  agreement  between  the  computation  and 
the  observed  optical  properties  of  the  feldspar. 

The  rock  analyzed  in  column  6  has  the  appearance  of  an  inter- 
mediate rock  in  the  hand  specimen,  the  feldspar  augen  resem- 
bling labradorite,  and  being  sometimes  iridescent,  the  grannlar 
portion  having  the  look  of  augite  syenite.  Cleavage  fragments 
from  the  augen  give  extinctions  of —5°  on  001  and  — 19°  on  010, 
and  hence  are  close  to  labradorite,  Abi  An^,  But  the  granular 
feldspar  is  in  part  microperthite,  and  in  part  an  acid  plagioclase. 
The  alkali  percentage  is  abnormally  high  for  so  basic  a  rock. 
The  total  bases  bear  a  very  high  ratio  to  the  silica  and  alumina, 
and  the  considerable  alteration  of  the  augite  to  a  chloritic  aggre- 
gate renders  attenupts  at  calculation  of  the  mineral  percentages 
hazardous.  The  rock  is  approximately  composed  of  orthoclase 
20^,  albite  44^,  anorthite  11^,  magnetite  4^,  and  the  remainder 
of  augite  and  garnet  in  the  ratio  of  2  to  1,  including  a  little  horn- 
blende, apatite  and  quartz,  the  latter  only  as  a  by-product  of 
garnet  formation.    In  its  high  alkali  percentage  and  consequent 
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■feldspars,  the  rock  distinctly  appi'oachea  the  syenites,  though  its 
-silica  percentage  remains  that  of  the  normal  anorthceite. 

The  gabbro  of  column  7  is  a  most  interesting  rock.  Its  occur- 
rence with,  and  as  a  differentiation  product  of  an  augite  syenite 
body,  of  which  it  must  be  regarded  as  a  basic  phaise  rather  than 
-as  a  true  gabbro,  and  its  intermediate  position  chemically 
between  angite  syenite  and  gabbro,  are  very  suggestive.  like 
the  intermediate  rock  of  column  6,  it  departs  most  wid'ely  from  . 
both  the  syenites  and  the  anoilhosites  in  its  magnesia  percentage, 
the  general  Adirondack  intrusives  being  abnormally  low  in  that 
-oxid.  It  occupies  an  intermiediate  position  between  syenite  and 
gabbro,  rather  than  between  syenite  and  anorthosite,  and  ae  such 
is  nearer  syenite  than  gabbro  chemically.  Through  the  kindness 
of  Prof.  Smyth,  the  writer  is  in  possession  of  a  slide  and  specimen 
•of  this  rock.  The  analysis  gives  the  iron  as  all  in  the  ferrous 
condition,  but  there  is  quite  a  little  magnetite  in  the  rock,  and 
A  rough  calculation  indicates  its  approximate  composition  to  be 
21j^  orthoclase,  36.75^  albite,  13,75^  anorthite,  3^  magnetite  and 
25^  angite  and  hornblende.  The  feldspar  content  is  quite  like 
that  of  the  preceding  rock,  the  augen  consistiug  of  labradorite 
and  the  granular  feldsjjar  of  raieroperthite  and  acid  plagioolase. 

The  remaining  seven  analyses,  no.  10  excepted,  are  all  of  umnia- 
takable  syenite  and  gave  an  excellent  representation  of  its  varia- 
tion. The  ferrous  iron  percentage  is  mostly  high,  and  the  results 
■of  some  of  the  analyses  tend  to  throw  doubt  on  the  reliability  of 
the  entire  series  of  ferrous  iron  determinations,  and  hence  to 
greatly  complicate  attempts  to  calculate  the  mineral  percentages. 
The  two  most  clearly  abnormal  results  are  those  of  analyses  9 
and  13.  In  the  former  case  the  result  of  the  ferrous  iron  deter- 
mination exactly  equaled  the  total  itxin  in  the  rock,  yet  the  thin 
section  showed  considerable  miagnetite  present,  and  a  rough 
separation  by  means  of  heavy  solutions  and  a  bar  magnet  proved 
the  presence  of  at  least  oi  of  that  mineral.  In  the  latter  case 
the  total  iron  present  is  S.iH^,  yet  the  ferrous  iron  result 
■exceeded  5^.  While  only  these  two  were  on  their  face  erroneous, 
others,  sncli  as  nos.  10  and  11,  are  quite  suspicious.     The  disturb- 
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ing  cause  can  not  be  pyrite,  since  there  is  eo  little  of  it  present 
that  the  sulfur  percentage  does  not  in  general  reach  .01;^.  It  is 
difficult  to  see  how  carbonaceous  matter  other  than  graphite  can 
be  present,  and  in  an  igneous  rock  any  considerable  amount  of 
graphite  would  be  surprising.  The  cause  of  the  vitiation  is  as 
yet  undetected. 

The  only  analysis  so  far  made  of  the  augite  syenite  which 
occurs  cutting  the  anorthosite,  analysis  8,  indicates  that  to  be 
somewhat  more  basic  than  the  usual  rock,  and  this  seems  to  be 
true  of  all  such  syenite,  so  far  as  can  be  judged  by  the  thin,  sec- 
tions. Garnet  is  much  more  abundant  than  in  the  usual  syenite, 
and  bronzite  is  lacking.  The  anailysis  indicates  a  rock  composed 
of  24.25^  orthoclase,  44.55^  albite,  5.6^  anorthite,  1.7^  magnetite, 
5.8^  garnet,  14.5^^  augite  and  3^  quartz.  If  the  ferrous  iron,  be 
too  high,  and  this  is  possible,  though  the  discrepancy  can  not  be 
great  in  this  case,  the  magnetite  and  anorthite  percentages  would 
be  slightly  increased  and  those  of  augite  and  quartz  diminished. 
Except  for  a  slight  amount  of  acid  plagioclase,  the  feldspar  is  all 
of  the  intergrowth  types,  and  cleavage  fragments  from  the 
crushed  rock  show  the  optical  characters  of  anorthoclase,  viz 
a  +  9°  extinction  on  M,  with  an  acute  bisectrix  in  the  center  of 
the  field. 

The  roi^k  used  for  the  next  analysis,  9,  is  from  near  the  anortho- 
site boundary.  Ferro-magnesian  silicates  are  more  prominent 
than  usual,  considerable  hornblende,  augite  and  garnet  being 
present  and  some  bronzite,  all  together  constituting  some  30^  of 
the  rock.  The  lower  alkalis  show  the  diminished  feldspar  per- 
centage, but  a  calculation  is  rendered  impossible  by  failure  of 
the  ferrous  iron  determination.  On  the  basis  of  5^  of  magnetite, 
as  indicated  by  the  separation  previously  mentioned,  the  calcula- 
tion gives  a  silica  residue  amounting  to  13^^  of  free  quartz,  which 
is  much  too  high,  there  being  but  little  present.  The  remaining 
analyses  require  little  comment  aside  from  no.  10.  No.  11  is 
regarded  as  giving  the  closest  approximation  to  the  mean  com- 
position of  the  rock,  and  is  from  the  Loon  lake  type  locality. 
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The  pyroxenes  and  hornblende  which  these  rocks  contain  are 
precisely  like  those  in  the  anorthosites,  strongly  suggesting  com- 
munity of  origin.  The  feldspars  are  alkali  feldspars  with  cloeely 
corresponding  soda  and  potash  content.  In  the  general  rock 
garnet  is  a  much  less  conspicuous  feature  than  in  the  anortho- 
sites,  and  is  often  wholly  absent.  This  is  but  natural,  since  the 
garnet  is  not  primary  but  has  resulted  from  the  interaction  of 
feldspar  and  magnetite.  It  is  a  limie  iron  alumina  garnet,  and 
the  necessary  lime  for  its  formation  is  lacking  in  the  alkali  feld- 
spar of  the  syenite.  A  further  distinction  between  the  two  rocks 
lies  in  the  abundance  of  zircon  in  the  syenite.  It  by  no  means 
rises  to  the  dignity  of  an  essential  constituent  but  is  much  more 
abundant  and  attains  a  larger  size  than  in  the  usual  igneous  rock. 
The  syenites  contain  quartz  almost  without  exception,  and  the 
amount  increases  toward  the  acid  end  of  the  series,  the  calcula- 
tion of  the  analysis  of  column  14  showing  14^  of  that  mineral. 

Analysis  10  is  of  a  green  gneiss  which  occurs  associated  with 
granite  and  granitic  gneiss  near  Piercefield.  Its  field  relation- 
ships to  the  syenite  are  not  plain,  and  the  doubt  about  its  properly 
belonging  with  them  is  not  cleared  away  by  the  analysis^  which 
falls  slightly  out  of  the  series  in  its  magnesia-lime  ratio,  and  in 
its  total  magnesia.  The  rocks  nearest  it  in  silica  percentage,  8 
and  9,  have  this  ratio,  1:3  and  1:3.5  respectively,  as  against 
1:1.7  in  10.  Its  ratio  is  nearest  to  that  of  13.  On  the  other  hand, 
it  can  be  argued  that  its  general  great  similarity  in  composition 
would  seem  to  ally  it  closely  with  the  syenites,  and  that  these 
show  a  great  variation  in  the  magnesia-lime  ratio,  even  though 
it  approaches  so  near  to  equality  in  no  other. 

General  characters  of  the  Adirondack  eruptives 
The  analyses  in  the  preceding  table  are  thought  to  be  suffi- 
ciently numerous  to  furnish  a  very  fair  i^presentation  of  the  gen- 
eral characters  of  the  Adirondack  eruptives,  except  for  the  lack 
of  analyses  of  the  granites.  The  latter  vary  greatly,  ending  with 
very  acid  rocks  composed  almost  wholly  of  quartz  and  feldspar. 
It  is  quite  safe  to  say  that  they  will  reach  75^  of  silica  and  prob- 
-ably  higher,  and  that,  since  their  feldspar  is  universally  micro- 
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perthite,  the  ratio  of  Boda  to  potash  will  remain  snbetantially  as 
it  is  in  the  syenites. 

The  gabbros  and  anorthofiites  are  quite  normal  represeniatives 
of  these  groups.  Buit  in  the  transition  rocks  between  these  and 
the  syenites  we  find  low  magnesia,  low  ratio  of  lime  and  mag- 
nesia to  alkalis,  and  approximately  equal  amounts  of  &oda  and 
potash,  and  the«e  characters  continue  to  the  end  of  the  series. 
The  soda-potash  ratio  is  a  slowly  changing  one,  the  potash  being 
at  first  below,  but  eventually  overhauling  and  passing  the  soda 
in  the  more  acid  rocks.  In  these  respects  the  syenites,  and  prob- 
ably the  granites^  depart  somewhat  from  the  corresponding  rocks 
of  the  Ekersund-Soggendal  area  in  Norway,  which  also  accom- 
pany anorthosite  and  gabbro,  and  which  Kolderup  has  so  exhaust- 
ively described.  In  general  the  Adirondack  syenitic  rocks  run 
higher  in  the  alkalis  and  lower  in  lime  and  magnesia  than  the 
corresponding  Norwegian  rocks.  These  differences  are  but  slight, 
and  the  general  agreement  between  the  two  series  is  very  close, 
but  they  point  to  a  slight  original  difference  in  the  character  of 
the  parent  magma  of  the  two  districts.  The  appended  analyses 
bring  this  out  clearly. 
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.24 
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Total 99.16    100.5        99.73      99.84    100.22     100.09 

1  Basic  syenite  from  Natural  Bridge;  7  of  previous  table. 

2  Monzonite  from  Fuldland  near  Farsund.     Description  and  analysis  by 

C.  F.  Kolderup.   Die  labradorfelse  (les  westlichen  Norweg^ns,  Be'rgens 
museums  aarbog.     1896.    p..  129. 

3  Augite  syenite  from  Loon  lake;  11  of  previous  table. 
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4  Banatite   from    Dypvik    near   Farsund.     Die    labradorfelse  des    west- 

lichen  Norwegens,  p.  123. 

5  Quartz  augite  syenite  from  near  Willis  pond;  14  of  previous  table. 

6  Adamellite  from  Farsund.    Die  labradorfelse  des  westlichen  Norwegens, 

p.  115. 

So  far  as  their  mineralogy  is  concerned,  the  Adirondack  rocks 
would  fall  without  question  in  the  monzonite  group.  The  pre- 
Tailing  feldspar  is  mderoperthite  in  which  the  plagioclase  molecule 
is  constantly  in  excess  of  the  orthoclaee,  so  that  they  are  strictly 
plagioclase-orthoclase  rocks.  The  table  brings  out  the  chemical 
differences,  which  would  seem  mainly  due  to  the  fact  that  the 
plagioclase  In  the  microperthite  is  albite  in  the  Adirondack 
rocket  and  oligoclase  in  the  Norwegian.  Certainly  the  Adirondack 
rocks  closely  approach  the  monzonite  type.  They  also  closely 
aipproach  Brogger's  akerite  type  (quartz  augite  syenite)  from  near 
Christiana,  and  seem  to  occupy  a  position  intermediate  between 
the  two.  Smyth's  rock  from  Natural  Bridge,  column  1  of  the 
above  table,  would  certainly  fall  within  the  monzonite  group, 
notvf^ithstanding  its  high  lime  percentage;  and  the  rock  from 
north  of  Tupper  lake,  column  9  of  the  original  table,  belongs  also 
in  that  group  lying  on  the  border  land  between  monzonite  and 
banatite.^  Because  of  this,  it  is  perhaps  more  logical  to  refer 
all  the  Adirondack  syenite  to  that  group,  though  as  a  somewhat 
abberrant  type. 

It  w^wild  therefore  appear  that  in  each  district  a  very  similar 
magma  has  given  rise  to  a  very  similar  rock  series,  and,  it  is 
likely,  through  a  similar  differentiation  process.  The  order  of 
succession  of  the  different  types  can  not  be  compared,  since  the 
Adirondack  succession  is  uncertain  in  one  respect.  The  syenite 
followed  the  anorthosite,  and  then  came  the  granite,  but  the 
position  of  the  gabbro  is  uncertain.  It  is  certainly  later  than  the 
anorthosite,  and  certain  gabbroic  dikes  which  have  been  found 


*The  monzonite  group  was  established  by  Brogger  to  contain  rocks 
intermediate  between  the  granite  syenite  group  (orthoclase  rocks)  on  the 
one  hand,  and  the  diorite  gabbro  group  ^plagioclase  rocks)  on  the  other; 
hence  characterized  by  both  orthoclase  and  plagioclase.  Monzonite  has 
a  silica  percentage  between  60^  and  60^^,  banatite  between  60;^  and  66;^, 
and  adamellite  over  66;^. 
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outting  the  syenite  lead  to  the  impreeeion  that  it  is  later  than 
that,  but  there  is  some  ques-tion  as  to  the  correctness  of  their 
reference  to  the  main  gabbro  of  the  region.  There  may  have  been 
two  periods  of  gabbro  outflow,  one  earlier  and  the  other  later 
than  the  svenite. 

A  few  dikes,  and  a  few  email  eruptive  masses,  of  three  or  four 
different  types  have  been  noted  which  are  not  referable  to  any  of 
the  great  masses  apparently.  But  as  yet  their  relationships  are 
obscure.  All  are  yonnger  than  the  anorthosite,  and  all  are 
metamorphosed. 

The  last  outflows  from  the  Adirondack  eruptive  center  con- 
sisted of  diabase  and  of  syenite  porphyry,  both  found  only  in  the 
dike  form.  That  they  are  considerably  younger  than  any  of  the 
foregoing  is  evidenced  by  their  wholly  unmetamorphosed  condi- 
tion. They  are  however  pre-Potsdam  and  in  all  probability  pre- 
Cambrian.  The  diabases  are  exceedingly  close  to  the  gabbros  in 
composition.  The  syenite  porphyries  are  higher  in  the  alkalis 
and  lower  in  lime  the  magnesia  than  the  syenites.  They  have 
a  wide  range  in  composition  but  are  mostly  quite  acid  and 
quartzose,  belonging  to  the  nordmarkite  type  of  Brogger.  In 
one  case  the  diabase  has  been  shown  to  be  the  younger.  The 
only  considerable  differences  between  the  gabbro  and  diabase 
are  to  be  seen  in  the  high  titanium  of  the  former  and  the  high 
magnesia  of  the  latter.  The  syenite  porphyries  depart  con- 
siderably from  the  syenite,  as  has  been  already  pointed  out. 
They  have  a  very  localized  distribution  in  the  Adirondacks  as 
compared  with  the  diabases,  and  similar  dikes  have  not  been 
noted,  so  far  as  the  writer  is  aware,  in  Norway  or  in  Canada 
associated  with  the  diabase. 

12  3             4             5  6 

Si02 47.42  46.73  63.45  63.02  68.5  68.96 

AI2O3 17.34  16.66  18.38  14.87  14.69  15.25 

Fe203.,... 4.91        3.56  .42  6.53  1.34  3.28 

FeO 10.22        8.45  3.56  none  3.25  noDe 

MgO 5.21        8.12  .35           .95           .26  .2 

CaO 8.09        8.03  3.06  1.12  2.2  .76 

Na20 3.48        3.73  5.06  5.85  3.5  5.45 

K2O 1.89        1.64  5.15  5.62  5.9  5.01 

H2O 1-13        2.39  .3  1.45          .4  .91 
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Total 100.06    100.2        99.73      99.87    100.22    100.05 

0=Cli&F 05  .14 


100.01    100.06 

1  Gabbro,  Hopkinton;  analysis  2  of  original  table. 

2  Olivin  diabase,  very  fresh,  olivins  not  perceptibly  serpentinized;  Bel- 

mont township,  Franklin  co.,  near  Clinton  county  line  and  li    miles 
southwest  of  upper  end  of  Upper  Chateaugay  lake;  dike  13,  Frank- 
lin CO. 
S  Augite  syenite,  Loon  lake;  analysis  11  of  original  table. 

4  Syenite  porphyry.  Rand  hill,  Beekmantown,  Clinton  co.;  dike  27,  Clinton 

CO.    Described  in  Geol.  soc.  Am.  Bui.  9:248-50. 

5  Quartz  augite  syenite,  Willis  pond;  column  14  of  original  table. 

6  Quartz  syenite  porphyry,  Rand  hill;  dike  28,  Clinton  co.    Geol.  soc.  Am. 

Bui.  9:248-50.    All  analyses  by  E.  W.  Morley. 

NOMENCLATURE 

During  the  lasft  field  season  a  trip  was  made  into  Canada  for 
the  purpose  of  seeing  the  pre-Cambrian  rocks  to  the  north  of 
those  in  the  Adirondacks  and  for  making  comparisons  between 
the  two  areas.^  A  desire  of  some  years  standing  was  (thus  grati- 
fied. The  district  visited,  in  Hastings  and  Renfrew  counties, 
Out.,  is  a  most  interesting  one.  As  the  report  of  Dr  Adams  and 
Dr  Barlow  on  it  has  not  yet  appeared,  any  detailed  comments  on 
the  geology  would  be  manifestly  out  of  place.  The  main  purpose 
of  the  writer  was  to  see  the  rocks  included  by  the  Canadian  geo- 
logist in  the  Grenville  series  and  in  the  fundamental  gneiss,  in 
order  to  determine  whether  either,  or  both,  of  tho-se  names  could 
with  propriety  be  applied  to  the  Adirondack  rocks.     The  region 

^  This  trip  was  made  in  company  with,  and  under  the  guidance  of 
Dr  A.  E.  Barlow  of  the  geologic  survey  of  Canada,  and  was  made  pos- 
sible through  the  courtesy  of  Dr  G.  M.  Dawson,  the  director  of  that  survey, 
and  of  Dr  F.  J.  H.  Merrill,  New  York  state  geologist.  To  all  of  these 
gentlemen  the  writer  wishes  to  express  his  great  indebtedness. 
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visited  wafi  nephelin  syenite  country,  many  peculiar  rocks  appear- 
ing  which  have  not  yet  been  met  with  in  the  Adirondacks,  nor, 
so  far  as  can  be  judged  from  their  prevalent  trend  and  the  pre- 
vailing northeast  strike  in  the  western  Adirondacks,  are  likely 
to  be  found  in  New  York.  They  lie  too  far  west,  and  their  pro- 
longation across  the  boundary  lies  under  Lake  Ontario  and  the 
Paleozoic  rocks  of  western  New  York,  in  the  writer's  opinion. 
The  Grenville  limestones  and  associated  gneisses  were  magnifi- 
cently shown  in  the  section  visited.  As  has  been  noted  by 
numerous  observers,  they  are  lithologically  indistinguishable 
from  the  Adirondack  elastics  of  series  2,  and  their  field  relations 
are  Ihe  same.  As  in  the  Adirondacks,  they  lie  in  wholly  separate 
belts  or  patches,  which  show  always  identical  rocks  lithologically^ 
and  which  are  therefore  naturally  classed  together,  though  it  is 
utterly  impossible  to  demonstrate  that  they  are  contemporaneous. 
They  are  classed  together  because  of  their  identity  in  appear- 
anice  and  origin,  the  comparative  nearness  of  the  belts  to  on€^ 
another  and  the  fact  that  they  seem  to  represent  a  continuous 
series  of  deposits  in  a  single  basin.  In  our  present  state  of 
knowledge,  the  giving  of  different  names  to  the  different  belts 
because  of  the  fear  that  they  may  not  be  absolutely  contempo- 
raneous after  all,  seems  to  the  writer  an  absurdity.  It  would 
seem  equally  absurd  to  apply  several  local  names  to  the  different 
Adirondack  belts.  Yet  these  rocks  have  been  carried  to  the  St 
Lawrence  in  the  Thousand  Island  region,  on  the  New  York  side, 
and  can  be,  or  have  been,  so  carried  on  the  Canadian  side;  the 
strong  probability  being  that  outcrops  on  opposite  sides  of  the 
national  boundary  are  no  farther  apart  than  the  average  distance 
between  belts  in  either  district.  There  can  be  no  question  that, 
if  the  boundary  ran  south  of  the  Adirondack  region  instead  of 
north  of  it,  the  Canadian  geologists  would  have  unhesitatingly 
included  the  Adirondack  rocks  in  the  Grenville.  To  use  the  term 
Grenville  for  the  Adirondack  rocks  brings  out  at  once  the  univer- 
sally remarked  similarity  between  the  two  series,  which  is  wholly 
lost  sight  of,  unless  specially  commented  on,  by  the  application  of 
a  new  name  to  them.     There  is  no  question  in  the  writer's  mind 
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that  the  pocks  of  both  areas  were  deposited  in  the  same  basin  and 
are  parts  of  the  same  great,  conformable  series.  The  writer  is 
therefore  strongly  of  the  opinion  that  at  present  no  necessity 
exists  for  a  local  name  for  the  Adirondack  rocks,  and  none  will 
exist  till  the  stratigraphy  of  the  series  has  been  so  thoroughly 
worked  out  that  some  more  refined  basis  of  comparison  is  avail- 
able and  shows  its  desirability. 

In  addition  to  the  Grenville  rocks,  the  pre^Oambrian  of  that 
I>art  ot  Canada  which  lies  north  of  the  Adirondack  region  com- 
prises certain  gneisses  of  doubtful  age  and  origin,  and  certain 
later  eruptives,  and  the  rocks  of  each  class  would  seem  to  corres- 
pond precisely  to  the  Adirondack  rocks.  In  Dr  F.  D.  Adams's 
report  on  the  region  north  of  the  island  of  Montreal,  the  gneisses 
are  largely  classed  as  belonging  with  the  Grenville  series,  though 
certain  portions  are  separated  as  of  possible  earlier  age  and 
hence  to  be  i)erhaps  classed  with  the  fundamental  gneiss.^  But 
on  the  map  accompanying  the  report  all  appear  as  one  formation^ 
from  which  the  limestone  bands  alone  are  separated  and  given 
another  color,  the  separation  being  therefore  a  purely  lithologic 
one.  The  quartzite,  sillimanite  and  graphite  gneisses  of  probable 
sedimentary  origin  are  mapped  in  with  the  main  body  of  uncertain 
gneiss,  the  separation  of  the  limestone  being  simply  a®  an  aid 
in  interpreting  the  structure  of  the  district.  The  gneisses  are 
more  widespread  and  the  later  eruptives  api>arently  less  so  than 
in  the  Adirondacks.  Because  of  the  impossibility  of  making  any 
separation  between  gneisses  associated  with,  and  undoubtedly 
belonging  to  the  Grenville  series,  and  other  similar  gneisses  which 
occur  unmixed  with  Grenville  rocks,  and  hence  of  doubtful 
association,  all  are  mapped  as  of  the  same  formation.  Adams, 
however,  states  distinctly  that  in  other  parts  of  Canada  a  separa- 
tion can  be  made  between  the  Grenville  and  the  fundamental 
gneiss.  These  difficulties  are  precisely  those  encountered  in  the 
Adirondacks.  Closely  interbanded  with  the  limestones  and 
schists  of  the  Grenville  are  granitic,  gabbroic  and  other  gneisses 
which  seem  to  represent  closely  contemporaneous  igneous  intru- 

^  GeoL  Bur.  Oan.    An.  rep't    1896.  v.  8,  pt  J. 
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sions.  In  other  districts,  in  Clinton  county  for  exanuple,  these  or 
similar  gneisses  are  found  by  themselves  and  represent  the  funda- 
mental gneiss,  if  that  formation  appears  at  all  in  the  Adirondack 
region.  From  the  difl&culty  of  establishing  this  on  the  one  hand, 
and  of  defining  any  separation  from  the  Grenville  rocks  on  the 
other,  the  writer  proposed  a  year  ago  to  refer  such  rocks  to  the 
^*  Dannemora  "  formation,  the  term  'being  wholly  provisional,  and 
to  apply  to  areas  of  gneiss  where  the  distinctive  rocks  of  the 
Orenville  are  absent,  yet  whose  proper  reference  to  the  funda- 
mental gneiss  is  wholly  doubtful.  It  is  thought  likely  that  these 
rocks  belong  with  the  Grenville  series,  but  it  is  a  convenience  to 
give  them  a  separate  designation  for  the  present.  In  the  western 
Adirondacks  Smyth's  recent  work  has  shown  an  abundance  of  a 
granitic  gneiss  which  has  unmistakable  irniptive  contacts  against 
the  Grenville  rocks  quite  like  those  to  be  seen  to  the  north  in 
Canada.  Whether  these  granites  are  the  equivalents  of  those 
in  the  eruptive  center  of  the  Adirondacks,  or  of  the  Dannemora 
granitic  gneisses,  or  are  wholly  distinct  from  either,  seems 
entirely  uncertain  at  the  present  time. 
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PRE-OAMBBIAN  OUTLIER  AT  LITTLE  FALLS,  HERiKI- 

MER  CO. 

Little  Falls  is  a  locality  possessing  mueli  geologic  interest 
from  several  points  of  view,  and  has  been  visited  by  many  geolo- 
gists. But  little  attention  has  been  paid  however  to  the  nature 
^f  the  crystalline  rocks  here  exposed. 

Vanuxem  mentions  the  rock  at  this  locality  as  "  gneiss," 
though  noting  a  tendency  to  assume  a  porphyritic  -character.^ 
Hall  at  a  much  later  date  calls  the  rock  labradorite  (anorthoslte 
of  recent  reports)  evidently  regarding  it  as  the  same  as  the  Essex 
^jounty  rock.2 

Kemp  (probably  following  Hall)  refers  to  the  reported  presence 
oi  the  "  labradorite  rocks  "  at  Little  Falls,  but  quotes  no  author- 
ity for  the  reference.^ 

Prosser  and  Oumings,  in  reporting  to  the  state  geologist  in 
1895,  make  a  brief  reference  to  the  pre-Cambrian  at  Little  Falls.* 
They  refer  to  the  rocks  as  "  gneiss "  and  as  "  gametiferous 
.gneiss  ",  and  report  it  as  having  a  thickness  of  203  feet  above  the 
river.  Their  work  was  specially  concerned  with  the  Lower  Silur- 
ian formations,  and  the  reference  to  the  pre-Cambrian  is  merely 
incidental.  Since  the  rock  is  igneous,  the  measured  thick- 
mess  has  not  the  significance  that  would  attach  to  it  were  it 
sedimentary.  The  part  of  their  section  from  which  gametiferous 
gneiss  was  reported  was  not  seen  by  the  writer.  This  mineral  is 
rare  or  wholly  lacking  in  the  writer's  section. 

Beyond  these  four  statements  the  writer  has  met  in  literature 
-no  reference  to  the  character  of  these  pre-Cambrian  rocks.  The 
rock  is  ho-wever  not  anorthosite  (labradorite  rock)  but  syenite. 
Prof.  Smyth  seems  to  have  been  the  first  to  recognize  this,  and 
stated  to  the  writer  that  such  was  its  character  during  a  con- 
-ference  just  preceding  the  visit  to  the  locality.    From  specimens 

*  Geol.  N.  Y.  3d  geol.  district,  p.  19-20. 

•N.  Y.  state  geol.  5th  an.  rep't  1885,  p.  8-10;  reprinted  in  14th  an.  rep*t 
U894.    p.  54-56. 

*  N.  Y.  state  geol.  17th  an.  rep't  1897,  p.  505. 

*  Prosser  and  Gumings.    N.  Y.  state  geol.    15th  an.  rep*t  1895.    p.  633. 


r84  NEW   YORK   STATE   MUSEUM 

brought  in  by  students,  Prof.  Kemp  had  also  been  made  aware  of 
the  true  nature  of  the  rock.  That  Hall  should  have  called  it 
labradorite  instead  of  gneiss  is  a  mark  of  hie  acumen,  since  the 
syenite  type  had  not  then  been  recognized  in  northern  New  York, 
and  the  external  resemblance  to  some  varieties  of  the  anorthosite 
is  very  close. 

The  writer's  visit  to  the  locality  was  a  brief  one,  not  sufficiently 
long  to  permit  carefully  going  over  the  whole  ground.  First 
appearing  in  the  river  bed  west  of  the  village,  with  surface  rising 
gradually  till  cut  off  by  the  fault  at  the  east  edge,  where  their 
altitude  reaches  200  feet  above  the  river,  the  extent  of  the  pre- 
Cambrian  rocks  in  an  east  and  west  direction  is  a  little  over  2 
miles.  On  neither  side  of  the  river  the  outcrops  extend  greatly 
back  from  it,  the  breadth  being  of  course  greatest  at  the  east. 

The  writer's  time  was  utilized  in  making  a  careful  section 
along  the  line  of  the  Little  Falls  and  Dolgeville  railway,  as  that 
seemed  to  show  the  most  continuous  line  of  outcrops;  it  is 
thought  that  the  sections  shown  in  the  New  York  Central  and 
West  Shore  cuts  must  be  substantially  the  same.  Prof.  Smyth 
has  studied  the  rocks  south  of  the  river,  as  exposed  in  the  cuts  of 
the  West  Shore  road,  and  our  combined  results  indicate  that  the 
exposures  are  of  syenitic  rocks  throughout. 

Though  this  line  affords  a  practically  continuous  section  for 
nearly  2  miles,  the  conditions  for  study  are  not  wholly  ideal. 
Since  the  rocks  are  tremendously  jointed,  considerable  weather- 
ing has  taken  place  along  the  joints,  so  that  the  rock  has  not 
escaped  some  alteration,  and  the  exposures  consist  largely  of 
vertical  walls. 

The  exposed  syenite  varies  widely  in  apx)earance  and  composi- 
tion, ranging  from  a  fine  grained,  nearly  black  rock,  which 
resembles  gabbro,  to  reddish,  granitic  varieties.  All  are  pro- 
foundly metamorphosed  and  rendered  thoroughly  gneissoid,  much 
more  so  than  is  usual  with  the  syenites  of  the  Adirondack  region. 
The  rock  is  excessively  crushed^  having  a  very  finely  granular 
texture,  yet  nearly  always  uncrushed  crystals,  or  portions  of 
crystals  (augen),  remain  and  in  places  are  very  numerous,  and  the 
cataclastic  structure  is  unmistakable. 
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General  description  of  the  exposures 

Near  the  depot  and  in  the  village  the  rock  is  more  typically 
syenite  than  elsewhere.  Though  the  body  of  the  rock  is 
thoroughly  granulated,  well  foliated  and  with  an  excellent  cleav- 
age, augen  abound,  reach  a  larger  size  than  elsewhere,  and  the 
rock  as  a  whole  is  more  homogeneous.  It  has  a  gray,  or  greenish 
gray  color,  while  the  feldspar  augen  are  dark  and,  except  for  the 
absence  of  twinning  etriations,  strongly  suggest  labradorite.  In 
the  more  gneissoid  portions  the  augen  are  alined  with  their  long 
axes  parallel  to  the  foliation,  and  the  cleavage  planes  run  around 
them,  giving  a  pseudo-flow  structure  effect. 

The  general  syenite  here  is  quite  acid  and  quartzose  (nos.  1,  2, 
3).^  It  also  varies  locally  to  a  reddish,  more  acid  rock  (no.  4), 
which  would  seem  clearly  a  granite,  though  it  has  not  been 
analyzed.  All  of  thifi  rock  seen  was  even  more  thoroughly  granu- 
lated and  gneissoid  than  the  ordinary  syenite,  though  still  show- 
ing occasional  augen  of  red  feldspar.  In  both  rocks  hornblende 
is  the  prevailing  dark  silicate,  but  the  red  rock  holds  much  le»ss 
of  it  than  the  other,  and  consists  mainly  of  quartz  and  feldspar. 
These  are  however  quite  thoroughly  separated  and  the  cleavage 
is  surprisingly  well  marked  and  even. 

Locally  here  in  the  west  end  of  the  section  the  rock  has  been 
thoroughly  reddened  by  infiltration  of  ferric  oxid,  which  has 
worked  its  way  along  the  joints  into  the  cleavage  planes,  thence 
around  the  finely  granular  material  and  even  into  the  cleavage 
cracks  of  the  feldspar  augen  (no.  5).  The  boundary  between  the 
reddened  and  the  unaffected  rock  is  often  of  the  sharpest  sort, 
simulating  an  intrusive  contact.  Often  little  films  or  sheets  of 
the  red  color  extend  out  into  the  ordinary  rock,  sometimes  across 
and  sometimes  along  the  cleavage  planes,  often  mimicking 
remarkably  the  penetration  of  schist  by  granite. 

Going  east  from  the  village  along  the  railway,  whose  rock  cut 
has  a  steep  up  grade,  the  coarse  acid  syenite  is  found  passing 
into  a  finer  and  more  basic  rock,  and  such  constitutes  most  of  the 

^  The  numbers  are  those  borne  by  the  specimens  collected,  now  on 
deposit  in  the  state  museum. 
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remaining  exposures.  Augen  are  less  numerous  and  smaller  and 
often  disappear.  Much  of  the  rock  closely  resembles  gabbro 
(nos.  6,  7,  10)  being  black  and  fine  grained,  yet  in  this  phase 
occasional  augen  are  still  forthcoming.  Sometimes  this  basic 
phase  is  present  in  considerable  amount,  but  usually  it  is  subor- 
dinate to  the  green  rock  (nos.  7,  9)  and  the  one  passes  into  the 
other  with  facility.  Often  they  appear  to  be  interbanded,  but 
this  would  be  a  natural  result  of  the  great  metamorphism  and 
stretching  which  have  affected  the  rock,  pulling  out  into  bands 
these  somewhat  more  basic  portions. 

Large  crystals  of  platy,  black  hornblende  have  developed  along 
the  cleavage  planes  in  many  places  in  these  more  basic  rocks. 
Occasionally  accompanying  secondary  feldspars  are  also  seen, 
but  ordinarily  the  hornblende  is  the  only  secondary  mineral  so 
developed. 

Throughout  the  larger  part  of  the  section  the  green  and  the 
black  rocks  apx>ear  in  rude  bands,  which  are  not  usually  sharply 
defined  but  grade  into  one  another.  It  is  imx>ossible  to  resist 
the  impression  that  they  are  mere  phases  of  the  same  rock,  but 
the  repeated  transitions  are  difficult  of  explanation.  If  the  black 
bands  represent  basic  segregations  from  the  magma,  pulled  out 
into  bands  by  the  stretching  incident  on  metamorphism,  their 
original  number  was  very  great.  Yet  no  other  explanation  of 
them  suggests  itself,  and  the  evidence  of  stretching  is  impressive. 
Locally  fine  grained,  gabbroic  rocks  api)ear  which  show  sharp 
boundaries  against  the  syenite  and  clearly  represent  later  dikes. 
No  case  was  noted  in  which  such  dikes  cut  the  black  phase  of  the 
syenite,  and  the  writer  is  still  in  a  state  of  some  perplexity  as  to 
the  actual  conditions,  though  inclining  to  the  view  that  most  of 
the  black  rock  is  merely  a  phase  of  the  syenite,  in  spite  of  the  fact 
that  dikes  of  a  later  gabbro  are  present.  This  gabbro,  moreover, 
is  clearly  a  closely  related  rock. 

All  the  rock  through  the  major  portion  of  the  section  is  finer 
grained  and  more  gneissoid  than  the  rock  at  the  village,  with 
feldspar  augen   sparingly  present,   instead   of  abundant.     The 
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green  rock  is  as  gneissoid  a®  the  black,  and  the  scarcity  of  augen 
renders  its  appearance  quite  different  from  that  of  the  rock  at  the 
village.  The  major  jwrtion  of  the  rock  has  been  wholly  recryatal- 
lized,  but  in  many  eases  the  feldspar  augen  are  seen  to  be  sur- 
rounded by  a  rim  of  granular  feldspar  which  has  plainly  origi- 
nated by  simple  granulation  of  the  edges  of  the  augen. 

Some  f  of  a  mile  east  of  the  depot  the  rock  as  a  whole  becomes 
gradually  more  acid  (no.  8),  and  here  presents  characters  not  seen 
elsewhere.  It  is  very  thoroughly  foliated,  almost  schistose,  in 
grayish  green  and  black  colors,  with  numerous  augen  of  red 
feldspar.  These  differ  from  the  ordinary  augen  in  being,  them- 
selves, thoroughly  crushed  and  granular,  and  being  much 
squeezed  and  stretched,  so  that  they  are  usually  broadly 
lenticular,  the  larger  ones  being  about  J  inch  thick  and 
from  2  to  3  inches  in-  diameter.  Except  that  they  are 
wholly  inclosed  in  the  rock,  thinning  out  in  all  directions 
from  their  center,  they  would  be  taken  for  injections  of  fine 
grained  granite  parallel  to  the  foliation.  There  is  some 
resemblance  to  a  stretched  conglomerate,  but  such  an  origin 
seems  negatived  by  the  fact  that  the  augen  are  all  alike 
and  all  of  feldspar.  If  it  is  simply  a  phase  of  the  syenite,  as 
it  seems  to  be,  it  is  difficult  to  see  why  the  augen  should  be  so 
much  more  completely  granulated  here  than  elsewhere.  An 
apparent  intermediate  stage  is  found,  however,  at  the  extreme 
east  end  of  the  exposures,  a  mile  away  (no.  11).  Here  a  quite 
similar  rock  apx>eaps,  a  green  and  black  gneiss  with  augen  of  red 
feldspar.  The  rock  is  not  so  well  foliated,  and  the  augen  are  not 
so  large,  but  otherwise  there  is  little  difference.  While  some  of 
the  augen  are  entirely  granulated,  others  have  a  core  of  uncrushed 
feldspar,  surrounded  by  a  zone  of  red  feldspar  grains,  whose 
^lource  is  plainly  shown,  since  the  usual  feldspar  of  the  rock  is 
green,  only  the  augen  being  red.  The  wholly  crushed  augen  are 
not  so  much  stretched  as  in  the  previous  rock,  but  a  comparison 
of  the  two  seems  to  make  it  quite  clear  that  we  have  here  the 
same  rock,  though  showing  different  degrees  of  metamorphism. 
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Microscopic  characters 

The  coarser  and  more  acid  syenite  at  the  village  (nos.  1,  2)  is 
composed  of  feldspar,  quartz,  hornblende  and  biotite,  with  acces- 
sory magnetite,  apatite,  zircon  and  pyrite.  In  much  of  the  rock 
the  hornblende  is  not  fresh  but  gone  to  a  chloritic  aggregate,  and 
at  times  a  little  calcite  has  developed.  The  accessory  minerals 
call  for  no  comment,  except  to  note  that  the  presence  of  consider- 
able zircon  m  the  rule  in  all  the  Adirondack  syenite,  and  that 
apatite  is  more  abundant  here  than  is  usual. 

The  feldtepar  augen  show  universally  a  well  marked,  micro- 
perthitic  structure,  of  fine  rather  than  coarse  fiber.  All  show 
strain  shadows,  and  unmistakable  ruptured  fragments  show  fre- 
quently. The  body  of  the  rock  consists  of  a  fine  mosaic  of  feld- 
spar fragments  separated  by  quartzose  bands  and  strings  of  the 
dark  silicates.  This  feldspar  seems  to  have  entirely  recrystal- 
lized.  Little  oligoclase  individuals  appear  here  and  there,  and 
an  occasional  fragment  shows  microperthitic  structure,  but  in 
most  no  trace  of  this  can  be  detected.  The  lack  of  this  structure, 
and  of  the  numerous  opaque,  dotlike  inclusions  which  character- 
ize the  augen  indicate  that  these  fragments  can  not  have  origi- 
nated by  a  simple  breakage.  The  chemical  analysis  shows  how- 
ever that  they  must  have  closely  the  same  composition  as  the 
augen  feldspars  from  which  their  material  was  in  all  probability 
derived.  Numerous  grains  of  micropegmatite,  certainly  quite 
secondary,  also  appear  in  this  mosaic.  Feldspar  constitutes  from 
70^  to  75^  of  the  rock. 

Quartz  is  next  in  abundance  and  makes  on  an  average  15^  of 
the  rock.  No  quartz  augen  are  to  be  seen,  but  the  thin  section 
shows  it  to  be  disposed  in  thin  leaves  of  f  ragmental  material,  the 
fragments  being  of  much  larger  size  than  the  mosaic  feldspar.  It 
recalls  similar  leaf  quartz  from  other  syenites  and  granites  in 
the  Adirondacke,  though  the  leaves  are  much  more  broken  into 
fragments  than  usual.  Many  of  these  show  strain  shadows  and 
are  full  of  inclusions  similar  to  those  found  in  the  feldspar  augen, 
and  it  would  appear  that  the  quartz  was  more  plastic  than  the 
feldspar  under  the  conditions  which  prevailed  during  metamorph- 
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ism,  readjusting  itself  more  by  stretching  and  less  by  breakage 
and  recrystallization  than  that  mineral.  In  the  somewhat  less 
well  foliated  varieties  of  the  rock  the  quartz  is  neither  so  flattened 
nor  so  wholly  separate  from  the  feldspar.  Neither  is  the  feld- 
spar so  finely  granular;  it  may  be  that  the  recrystallization  of  the 
feldspar  preceded  the  final  stretching  and  granulation. 

Hornblende  and  biotite  are  the  two  dark  silicates,  and  the 
former  is  much  the  more  important.  In  fact,  the  biotite  is  much 
more  properly  regarded  as  an  accessory  than  as  an  essential 
mineral.  Together  they  constitute  from  10;^  to  15^  of  the  rock. 
They  are  stretched  out  together  along  the  cleavage  planes,  not 
appearing  elsewhere  in  the  more  foliated  varieties,  but  like  the 
quartz  less  well  alined  in  those  less  gneissoid.  Both  are  perfectly 
ordinary  representatives  of  the  two  minerals  and  call  for  no 
comment. 

The  more  acid  phases  of  the  rock  here  (no.  4)  have  only  about 
half  the  usual  amount  of  hornblende  and  biotite,  and  a  larger 
quartz  percentage.  The  feldspar  augen  are  red  instead  of  diark 
colored,  though  -coiisisting  of  the  same  minute  fibered  micro- 
perthite.  They  are  few  in  number  and  of  small  size,  and  are 
al'ways  partly  and  often  wholly  granulated.  Considerable  micro- 
cline  appears  in  the  mosaic  feldspar.  The  quartz  is  as  before, 
and  the  rock  practically  consists  of  these  thin,  parallel  quartz 
leaves  with  intervening  fine  feldspar  mosaic.  In  the  absence  of 
an  analysis,  it  is  imx>ossible  to  say  just  what  the  acidity  of  the 
rock  i«,  but,  since  the  ordinary  rock  shows  66^  of  silica,  this 
would  appear  to  have  at  least  70^  and  to  be  properly  clashed  as  a 
granite. 

The  two  augen  gneisses  previously  described  are  like  the  last 
in  having  ored  feldspar  augen.  In  no.  8,  in  which  the  augen  are 
completely  granulated,  microcline  is  more  abundant  than  else- 
where, though  as  usfual  anorthoclase  is  the  prevailing  feldspar, 
the  larger  grains  showing  a  faint  microperthitic  structure  with 
high  powers.  There  is  also  quite  a  little  micropegmatite  and  the 
Ufiual  small  amount  of  oligoclase.  Here  biotite  is  the  pirominent 
dark  silicate  and  is  quite  abundant,  while  hornblende  much 
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retreats.  It  eeems  quite  probaible  that  all  the  biotite  in  these 
rocks  has  resulted  from  the  alteration  of  hornblende  during 
metamorphism,  in  which  case  its  abundance  in  this  specially 
mashed  and  stretched  rock  is  quite  what  would  be  exx>ected. 
There  is  from  15j^  to  2*0^  of  quartz  in  the  rock,  mainly  in  leaves 
and  lenses  as  usual.  The  rock  quite  plainly  belongs  with  the  acid 
syenites  such  as  no.  4  and  is  merely  an;  extra-stretched  representa- 
tive. The  original  crystals  from  whose  mashing  the  present 
augen  have  been  d€*rived  were  of  much  larger  size  than  in  any 
other  of  the  red  rocks  seen. 

The  augen  gneiss  at  the  east,  near  the  fault  (no.  11)  is  more 
basic  than  any  of  the  foregoing,  though  clearly  belonging  with 
them.  It  contains  some  30^  of  dark  silicates  and  not  more  than 
10^  of  quartz.  Augite,  bronzite,  hornblende,  magnetite  and 
garnet  are  all  present,  and  there  are  also  a  few  fragments  of 
what  appears  to  be  brown  hornblende,  but  the  identificatio-n  is 
not  certain.  The  garnet  is  usually  idiomorphic,  though  one  or 
two  instances  of  corrosion  rims  around  magnetite  occur.  Apatite 
and  zircon  are  abundant  and  often  of  large  size.  So  far  as  these 
minerals  go,  the  rock  is  precisely  like  the  ordinary  Adirondack 
gabbro,  except  for  the  zircon.  But  there  is  considerable  quartz 
of  the  u-sual  flattened  type,  and  the  feldspar  is  mainly  of  the 
indefinite  microperthite  or  else  of  a  curious  and  striking  micro- 
graphic  sort  of  intergrowth.  There  is  in  addition  some  little 
plagioclase,  whose  extinction  angles  would  indicate  a  basicity  at 
least  that  of  andesin  and  som?  micropegmatite.  The  quartz  and 
feldspar  are  therefore  quite  as  in  the  previous  rocks.  The  meta- 
morphism, however,  has  not  been  so  severe.  The  rock  must 
approach  to  monzonite  in  composition. 

The  slide  of  the  more  basic,  blackish  syenite  (no.  10)  is  from 
the  rock  at  the  quarry,  near  the  top  of  the  hill  and  less  than  ^ 
mile  from  the  fault  line.  The  exposures  are  excellent  here  and 
show  fine  grained,  thoroughly  gneissoid  rocks,  both  the  green  and 
black  phases  being  present  in  quantity  and  grading  into  one 
another.  The  green  rock  is  identical  with  the  syenite  at  the 
village  (nos.  1  and  2)  except  in  the  lack  of  feldspar  augen  and  in 
being  a  trifle  more  basic. 
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The  black  ro€ks  show  infrequent  augen  of  dark  color  which  are 
usually  bordered  by  a  green  cataclastic  zone  of  shattered  feld- 
spar fragments.  The  dark  silicates  constitute  from  40^  to  50)1^ 
of  the  rock.  Bronzite  is  preponderant,  augite  and  hornblende 
are  also  present  in  considerable  quantity,  and  a  little  biotite 
appears,  usually  around  magnetite,  of  which  considerable  is  at 
hand.  No  garnet  appears,  but  apatite  and  zircon  are  prominent, 
and  s(mie  little  pyrite  occurs  also.  The  rock  is  very  finely  granu- 
lar, with  a  few  feldspar  and  quartz  fragments  of  somewhat  larger 
size.  There  is  nearly  or  quite  lOj^  of  quartz,  a  large  content  for 
so  basiic  appearing  a  rock. 

About  10^  of  the  feldspar  is  plagioclase.  In  the  half  dozen 
fragments  properly  cut  the  prevailing  extinction  angle  measured 
from  the  albite  twinning  plane  is  10°,  in  one  case  however  reach- 
ing 17°.  The  mineral  is  probably  andesine.  The  remainder  of  the 
feldspar  is  of  intergrowth  types,  mostly  of  the  prevalent  faint 
microperthite.  There  is  also  present  considerable  of  a  micro- 
graphic  intergrowth  of  an  unusual  and  striking  type,  identical 
with  that  in  the  augen  gneiss  just  described  (no.  11).  The  rock 
as  a  whole  clearly  is  a  basic  phase  of  the  s-yenite.  It  is  consider- 
ably more  basic  than  the  augen  gneiss  (no.  11)  and  would  seem  a 
quite  typical  monzonite. 

The.  most  basic  rock  collected  was  obtained  about  i  mile  east 
of  the  depot.  It  is  a  heavy,  fine  grained,  black  rock  (no.  6)  in 
which  no  augen  were  noted.  It  contains  50^  of  dark  minerals, 
abundant  hypersthene  (or  bronzite),  augite,  hornblende  and 
magnetite,  some  biotite  and  a  little  garnet,  thiai  latter  idiomor- 
phic  and  not  around  the  magnetite.  As  usual,  there  is  consider- 
able apatite,  but  zircon  is  not  so  abundant  as  in  most  of  the  sye- 
nite. Most  of  the  biotite  is  primary  apparently,  though  in  part 
it  results  from  hornblende  alteration.  All  of  these  minerals  are 
quite  as  in  the  preceding  rocks,  except  that  the  orthorhombic 
pyroxene  is  rather  more  strongly  pleochroic  and  may  be  hypers- 
thene instead  of  bronzite. 

Quartz  makes  some  5^  of  the  rock.  It  shows  a  tendency  to  the 
flattened  form,  though  not  so  pronouncedly  as  in  the  more  acid 
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POcks.     The  general  identity  of  all  these  minerals  with  those  in 
the  other  rocks  is  emiyhatic  evidence  of  their  relationship. 

The  feldspar  however  differs.  More  than  half  of  it  consists  of 
well  twinned  plagioclase  whose  extinctions  reach  21°,  indicating 
an  acid  labradorite.  But  there  is  also  a  large  amount  of  the 
curious  micrographic  initergrowth  like  that  in  the  preceding 
rocks.  For  the  most  part  both  of  the  feldspars  of  these  inter- 
growths  are  untwinned,  but  an  occasional  labradorite  fragment 
shows  a  similar  intergrowth.  This  renders  it  possible  that 
untwinned  labradorite  is  one  of  the  feldspars  of  the  usual  inter- 
growth, though  this  is  not  thought  likely. 

This  rock  is  strictly  a  gabbro  (norite),  though  with  a  syenitic 
facie©.  The  identity  of  its  component  minerals  with  those  in  the 
other  rock  sufficiently  establishes  its  relationship  to  them,  how- 
ever. No  sharp  line  can  be  drawn  between  any  of  the  varieties, 
since  all  gradations  are  found,  yet  the  rock  ranges  from  a  gran- 
ite to  a  gabbro  in  composition.  In  the  frequency  and  amount  of 
such  change  it  is  quite  like  the  syenite  of  the  Adirondack  region, 
but,  considering  the  slight  areal  extent  of  the  exposures  here, 
the  amount  of  change  is  surprising.  The  accessibility  of  the 
locality  and  the  excellence  of  the  exposures  combine  to  render  it 

well  worth  a  visit. 

Chemical  composition 

A  thorough  ehemical  study  of  the  Little  Falls  rocks  could  not 
fail  to  furnish  results  of  great  interest,  though  the  writer  is 
strongly  of  the  opinion  that  the  table  of  analyses  would  be  quite 
similar  to  that  of  the  various  syenites  given  in  the  preceding 
reoort. 

The  single  analysis  so  far  available  is  that  of  the  ordinary  augen 
syenite  at  the  village  (analysis  13  of  the  preceding  report).  A 
precise  calculation  of  this  rock  can  not  be  made  because  of  the 
unexplained  failure  of  the  ferrous  iron  determination.  Assuming 
that  1^  of  magnetite  is  present,  which  can  not  be  greatly  wide  of 
the  mark,  that  the  alkalis  are  wholly  in  the  feldspar,  and  that 
the  excess  of  alumina  is  in  the  hornblende  and  excess  of  lime  in 
the  anorthite  molecule,  the  calculated  composition  is: 
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Quartz    Orthoclase    Albite    Anorthite    Hornblende    Magnetite 
12.67j<  33.42  36.84  4.17  12.02  1 

Total  100.12 
This  ean  not  depart  widely  from  its  actual  composition.    The 
rock  is  an  acid  quartz  syenite,  in  its  high  soda  percentage  show- 
ing affiliation  with  the  monzonite  group. 

Diabase  dikes 

Nearly  a  mile  east  of  the  depot  the  rock  cliff  is  broken  by  a 
small  gully,  apparently  along  a  fault  line.  Forming  the  east  wall 
of  this  gully  is  the  largest  diabase  dike  which  it  has  been  the 
writer's  fortune  to  see  in  northern  New  York.  It  is  at  least  120 
feet  wide,  bears  n.  70^  e.,  and  shows  numerous  and  large  porphy- 
ritic  feldspars,  often  an  inch  and  more  in  length.  A®  would  be 
expected  from  its  width^  the  dike  rock  is  fairly  coarse  grained, 
though  with  the  usual  chilled  borders. 

The  rock  is  not  fresh.  So  far  as  can  be  told,  it  consdsited  simply 
of  plagioclase,  augite  and  magnetite.  There  is  no  indication  of 
olivin.  As  is  the  case  with  most  of  the  Adirondack  diabases 
which  lack  olivin,  the  feldspar  preponderates  miuch  over  the 
augite,  and  the  structuTe  is  not  ophitic,  though  the  feldspars  are 
lath-shaped.  Prof.  Smyth  informs  me  that  there  are  specimens 
from  two  diabase  dikes  from  Little  Falls  in  the  Hamilton  col- 
lege collections.  The  interest  attaching  to  their  presence  is  that 
such  dikes  are  very  rare  in  the  southern  and  western  Adirondiacks, 
though  abundant  on  the  north  and  east.  The  fact  that  at  least 
two  are  present  in  this  small  o'utlier  is  an  indication  that  they 
probably  reappear  in  force  here  under  the  Paleozoic  cover.  It  is 
inferred  that  these  dikes  are  pre-Cambrian,  since  that  is  the  age 
of  the  Adirondack  diabase^  and  since  the  dikes  which  are  found 
cutting  the  Paleozoic  rocks  of  the  vicinity  are  of  a  wholly  differ- 
ent rock,  alnoite. 

Age  of  the  syenite 

Since  this  outlier  shows  no  other  crystalline  rocks  than  the 
syenite  and  diabase,  any  discussion  of  its  age  can  be  but  tentative. 
Yet,  since  the  various  pre-Cambrian  outliers  expose  no  rocks 
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other  than  those  found  in  the  Adirondacks,  the  same  rude  cor- 
relations will  apply  which  are  attempted  there. 

The  Little  Falls  syenite  differs  slightly  from  the  usual  Adiron- 
dack syenite.  It  is  unlike  that  of  Franklin  county  in  its  gray, 
rather  than  green  color,  in  its  very  evident  cataclastic  structure 
and  much  more  pronounced  foliation.  The  feldspar  augen  often 
reach  a  length  of  an  inch  or  more,  while  the  remainder  of  the  rock 
is  very  finely  granular.  The  Franklin  county  rocks  are  more  even 
grained,  the  augen  are  comparatively  few  and  small,  and  the  body 
of  the  rock  is  far  coarser  than  the  granular  portion  of  the  Little 
Falls  rock.  These  differences  largely  disappear  in  the  more  basic 
varieties_,  but  the  Franklin  representatives  are,  again,  usually 
coarser.  These  differences  are  mainly  attributable  to  the  more 
severe  metamorphism  at  Little  Falls.  But  the  combination  of 
numerous  and  often  large  feldspar  angen  with  very  fine  grained 
matrix,  is  not  to  be  thus  explained,  and  seems  to  the  writer  to 
point  to  an  original  porphyritic  structure  in  this  rock.  Had  the 
original  grain  been  equidimensional,  it  miust  have  been  very 
coarse  in  order  to  permit  of  such  large  remaining  augen,  and  it  is 
difficult  to  see  how  metamorphism  could  so  profoundly  change 
most  of  the  rock  and  yet  leave  such  large  crystals  unaffected. 
But,  if  these  represent  original  porphyritic  crystals,  the  complete 
shattering  of  the  finer  portion  of  the  rock  might  be  easily  effected 
without  great  damage  to  the  rest.  Porphyritic  phases  of  large 
granite  and  acid  syenite  bodies  are  of  frequent  occurrence ;  and 
the  assumption  here  would  afford  a  reasonable  explanation  of 
the  somewhat  abnormal  character  of  the  rock  when  compared 
with  the  usual  Adirondack  svenite. 

The  Diana  syenite  seems  to  possess  a  strictly  intermediate  char- 
acter. Its  color  is  nearer  to  that  of  the  Little  Falls  rock,  but  it» 
augen  do  not  approach  those  in  size,  nor  is  the  residue  of  the 
rock  so  fine  grained  and  gneissoid,  tho'ugh  the  augen  are  usually 
surrounded  by  a  narrow  zone  of  Yerj  fine,  cataclastic  material. 
The  writer  is  therefore  disposed  to  class  all  these  syenites  to- 
gether, as  springing  from  the  same  magma  at  the  same  time  or 
at  least  at  times  not  remotely  separated.  Certainly  this  is  the 
most  natural  view,  in  default  of  direct  evidence  to  the  contrary. 
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In  this  connection,  it  should  be  noted  further  that  the  plane 
differentiation  exhibited  by  the  sj^enite  here  at  Little  Falls  would 
seem  to  afford  corroborative  evidence  of  the  truth  of  the  view 
advanced  in  the  preceding  report,  when  considering  the  general 
relationships  of  the  great  eruptive  masses  of  the  Adirondacks. 
The  small  eruptive  mass  at  Little  Falls  shows  variation  to  gran* 
ite  and  to  gabbro  as  the  two  extremes.  The  rather  basic  augite 
syenite  dikes  described  as  cutting  the  anorthosite  at  various 
places,  in  the  preceding  report,  and  which  were  inferred  to  be 
off'Shoots  from  the  main  svenite  mtrusion  and  to  indicate  the 
younger  age  of  that  intrusion,  are  in  all  respects  like  some  of  the 
more  basic  phases  of  the  Little  Falls  rock,  where  they  appear  a» 
unquestionable  variations  of  the  syenite.  There  is  also  siug- 
gested  the  further  query,  whether  some  of  the  Adirondack  gab* 
bro  should  not  also  be  classed  as  of  the  age  of  the  syenite  and 
as  a  direct  derivative  from  it.  There  is  certainly  gabbro  of  such 
origin  at  Little  Falls,  and  may  well  be  elsewhere. 

Structural  notes 

Most  of  the  rock  at  Little  Falls  is  sufficiently  well  foliated  to 
permit  eatisifactory  dip  and  strike  obsiervations.  At  the  village 
the  foliation  planes  strike  east  and  west,  with  dip  15  s. ;  J  mile 
farther  east  the  strike  is  n.  60  w.  and  dip  20  n.;  -}  mile  farther  the 
strike  has  swerved  back  east  and  west,  and  near  the  fault  line 
it  is  n.  80  w. 

At  the  village  the  main  pair  of  joints  are  vertical  and  trend  to 
n.  20  e.  and  n.  50  w.;  1  mile  to  the  east,  readings  of  n.  30  e.  and 
n.  60  w.  were  obtained  on  the  same  pair.  These  joints  vary  but 
little  in  direction  throughout  the  exposures,  follow  one  another 
at  distances  of  from  1  to  3  feet,  and  are  very  evenly  and 
sharply  cut.  Often  also  good  horizontal  jointing  appears,  and 
there  seems  to  be  another  vertical  set  bisecting  the  angles  of 
the  first,  but  much  less  well  marked. 
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PRELIMINARY  REPORT  OF  FIELD  WORK  IN  THE  TOWN 

OF  MINERVA,  ESSEX  00. 

BY  GEORGE  I.  FINLAY 

The  town  of  Minerva  in  Essex  county  covers  an  area  of 
approximately  175  square  miles.  The  Hudson  river  is  here  the 
principal  stream.  Its  course  holds  strongly  to  two  directions. 
It  comes  into  Minerva  on  a  very  straight  course  15°  west  of 
south.  At  the  point  where  Indian  river,  which  flows  along  this 
same  direction,  joins  it,  the  Hudson  turns  abruptly  and  flows  in 
a  line  15°  south  of  east  to  Dutton  mountain,  where  it  bends 
almost  at  a  right  angle  to  resume  its  former  course.  This  is 
also  the  direction  taken  by  the  Boreas  river,  which  flows  down 
from  the  north  to  join  the  Hudson  river  near  Dutton  mountain. 
Minerva  creek  and  Trout  brook  in  the  southeastern  part  of  the 
town  are  strictly  parallel  with  the  main  course  taken  by  the 
Hudson,  whereas  Cedar  river,  which  joins  the  Hudson  from  the 
northwest,  Jones  brook  and  the  lower  part  of  Trout  brook  in  the 
southeastern  corner  of  Minerva  are  all  parallel  with  the  middle 
branch  of  the  Hudson.  This  direction  is  nearly  that  of  the 
grain  of  the  country.  The  other  direction  is  at  right  angles 
to  it. 

The  surface  of  Minerva  shows  very  considerable  relief.  Van- 
derwhacker  mountain  in  the  north  reaches  an  altitude  of  3385 
feet,  while  Wolf  creek  at  its  base  drains  a  swampy  area  lying 
at  a  hight  of  1650  feet.  Polaris,  Beaver,  Bad  Luck,  Casey, 
Black,  Venison,  Dutton  and  Moxham  mountains  are  all  well 
above  2000  feet,  as  are  also  Hewitt  Pond  hill  and  Oliver  and 
Snyder  hills.  There  are  about  40  lakes  and  ponds  within  the 
limits  of  Minerva,  situated  chiefly  at  low  levels,  in  the  north  and 
west.  Olmstedville  and  Minerva  in  the  southeast  are  almost  the 
only  villages.     Probably  three  fourths  of  the  town  is  a  wilderness. 

The  country  rock  is  a  gneiss  having  the  composition  of  gran- 
ite. With  it  is  associated  a  larger  amount  of  crystalline  lime- 
stone, accompanying  schists  and  hornblendic  rocks,  than  is  usual 
in  other  parts  of  the  Adirondack  area.  Much  of  northern  Minerva 
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is  occupied  by  anorthosite,  the  contact  between  the  anorthosite 
and  the  gneiss  being  found  just  south  of  Aiden  Lair.  Anorthosite 
occurs  on  the  hill  in  the  extreme  southeastern  corner  of  Minerva, 
a  mile  and  a  half  from  Pat  pond.  Excavation  on  McKee's  farm 
at  the  foot  of  the  hill  exposed  the  contact  between  anorthosite 
and  gneiss,  and  showed  small  amounts  of  pyrile  and  other 
sulfids.  A  few  small  outliers  of  gabbro  are  to  be  mentioned,  but 
the  present  paper  has  to  do  principally  with  the  relations  between 
the  gneiss  and  the  limestone,  with  a  view  to  the  recording  of 
such  facts  as  bear  on  the  question  of  the  sedimentary,  or  non- 
sedimentary  origin  of  the  gneiss  and  associated  schists. 

It  will  be  seen  by  an  inspection  of  the  map  that  the  forms  of 
high  relief  are  of  gneiss,  while  the  limestone  is  found  occupying 
the  valleys.  The  largest  area  of  limestone  extends  from  Trout 
brook,  east  of  Olmstedville,  to  a  point  3  miles  northwest  of  the 
town  of  Minerva.  An  outlier  runs  up  the  valley  a  mile  beyond 
Irishtown,  and  a  second  reaches  over  toward  Dutton  mountain. 
Smaller  dreas  occur  east  of  Huntley  pond,  south  of  Black  moun- 
tain and  along  the  Hudson,  which  is  rapidly  cutting  its  bed  on 
limestone  from  the  mouth  of  Cedar  river  to  Blue  Ledge. 

The  crystalline  limestone  preserves  the  character  which  is 
common  to  it  in  many  other  parts  of  the  Adirondack  area.  It  is 
uniformly  ooarse  grained  and  when  much  decomposed  by  weather- 
ing it  gives  a  coarse  gravel-like  soil.  In  the  metamorphic  proc- 
esses to  which  the  region  has  been  subjected  the  limestone  has 
been  very  sensitive  to  pressure.  It  yielded  most  often  along 
certain  planes  where  t/he  dark  silicates  appear  drawn  out  in  flow 
lines.  Bands  of  dark  silicates  much  squeezed  and  contorted, 
several  inches  in  width,  result  in  this  way,  as  well  as  rounded 
masses,  often  several  feet  across.  Manv  of  these  are  well  ex- 
posed  in  the  ledge  near  Mr  Owen's  house  south  of  Dutton  moun- 
tain. Hornblende  in  large  crystals  is  found  associated  with  lime- 
stone on  the  Minerva  road  just  west  of  Olmstedville.  Flecks  of 
graphite  in  the  limestone  are  very  generally  conspicuous.  The 
graphite  is  cooimercially  important  however  in  but  one  locality 
near  the  boundary  line  of  Essex  and  Warren  counties  at  the  base 
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of  Green  hill.  The  prospect  has  been  opened  where  a  thin  band 
of  limestone  is  in  contact  with  gneiss.  The  ^*  bluestone  "  which 
yields  the  best  return  is  a  greatly  decomposed  limestone. 

Perfectly  regular  and  continuous  bands  of  dark  rock  are  also 
common  in  the  limestone.     These  are  from  1  to  2  inches  wide. 
They  run  at  times  for  20  or  30  feet  parallel  to  each  other,  and 
6  to  8  inches  apart.    They  are  well  seen  in  the  white  graphitic 
limestone  half  a  mile  from  Minerva  on  the  road  to  Irishtown. 
They  consist  essentially  of  hornblende  and  feldspar.     The  horn- 
blende is  in  large  rounded  crystals,  colored  dark  bottle  green. 
It  is  strongly  pleochroic  and  but  little  broken  up  by  cleavage 
cracks.    Occasional  hypersthene  is  the  only  other  dark  silicate. 
With  these  are  associated  orthoclase  and  often  abundant  plagio- 
clase.     This  rock  is  invariablv  found  with  the  limestone,  and  it 
carries  garnet  at  times.     A  prospect  hole  for  garnet  on  the  hill 
southwest  of  Calahan  pond  shows  limestone  above  as  a  hanging 
wall,  with  the   hornblendic   rock   containing  large  lenses    and 
rounded  masses  of  garnet  as  the  footwall.    Here  several  tons 
have  been  broken  out,  but,  though  the  garnet  is  of  good  quality, 
it  is  not  found  in  quantity  sufficient  to  justify  further  explor- 
ation.    It  is  on  the  contact  between  the  hornblendic  rock  and 
the  limestone  that   we  can  best  determine  the  special   rela- 
tions of  the  limestone.     It  is  found  to  vary  but  little  from  n. 
30  w.  to  n.  50  w.  on  the  strike.     The  dip  is  from  20<^  to  80°  to 
the  northeast.     The  limestone  frequently  shows  minor  folds. 
A  small  anticline  with  axis  n.  52  w.  is  found  on  the  west  bank 
of  the  Hudson,  half  a  mile  below  the  mouth  of  Cedar  river. 
Along  the  bank  of  Minerva  stream,  where  the  road  crosses 
leading  oast  from  Olmstedville,  the  limestone  is  exposed,  over- 
lain by  the  hornblendic  rock  and  so  folded  as  to  give  a  gentle 
syncline  and  two  sharper  rolls.     The  exposures  of  crystalline 
limestone  are  often  so  massive  as  to  show  but  little  or  no  trace 
of  the  former  bedding  planes,  and  again  they  are  visibly  con- 
torted.    This  is  well  seen  south  of  Black  Pond  mountain.     The 
brook  just  north  of  the  road  and  parallel  with  it  at  this  point 
runs  part  way  on  gneiss  (strike  n.49  w.,dip  21  n.  e.)  but  at  the  con- 
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tact  hetwpeu  gneiss  and  limestone  it  ijlnnges  15  feet  in  a  water- 
fall. The  limeetone  from  this  point  Las  been  largely  removed  by 
the  cutting  of  the  stream  below  the  waterfall,  and  the  exposed 
V  seetion  exhibits  the  iineB  of  dark  silicates  drawn  out  in  every 
"  direction  from  n.  40  w.  to  d,  15  e.  It  is  not  possibli'  to  prove  the 
existence  of  a  fault,  and  the  relations  between  limestone  and 
gneiss  at  this  point  are  therefore  not  those  which  obtain  between 
heds  in  a  sedimentary  eeriew. 

The  gneiss  of  Minerva  township  is  a  heavily  bedded  rock  of  a 
light  gray  or  brownish  gray  color.  It  is  of  medium  grain  and 
Taries  but  little  from  place  to  place.  The  combination  of  quartz 
and  microcline  with  more  or  less  plagioclase  is  characteristic  of 
it.  The  feldspar  and  quartz  occur  as  rounded  or  subaiignlar 
grains  often  with  layers  formed  of  larger  masses  of  quartz  drawn 
out  in  leDises.  The  single  grains  of  quartz  are  not  much  broken 
up  by  cracks  and  do  not  appear  to  have  been  greatly  crushed 
by  metaniorphic  processes.  Re<^ementing  of  the  grains  by  second- 
ary quartz  or  feldspar  was  not  observed.  The  quartz  is  char- 
acterized by  minute  inclusions  of  rutile,  and  by  having  many  of  its 
cracks  filled  with  microscopic  dendritic  growths  of  MnO,,  The 
microcline  exhibits  the  usual  lattice  structure.  The  plagioclase 
shows  very  fine  twinning  lamellae,  and  broad  ones,  alternating. 
Granophyric  growths  with  orthoclase  may  be  obsei-ved.  The 
plagioclase  usually  occurs  as  an  accessory  to  the  microcline  but 
it  may  be  almost  the  only  feldspar  jiresent.  On  the  western  slope 
■of  Sn^^er  hill  the  gnei-ss  is  locally  almost  pure  feldspar.  Kiotite 
is  the  usual  dark  silicate.  It  often  appears  altered  to  chlorite. 
Garnet  is  common.  Apatite  occurs  sparingly,  hut  the  crystals 
are  of  unusual  perfection  with  the  basal  cleavage  bnt  little 
developed.  Magnetite  is  commonly  met,  and  epidote,  in  bottle 
green  crystals  well  terminated  at  one  end,  has  been  observed. 
The  gneiss  is  almost  alwayfi  found  in  Minerva  township  with  a 
strike  from  n,  25  w.  to  n.  50  w.  The  dip  is  usually  to  the  north- 
east and  runs  from  20"  to  il>°.  This  general  concordance  in  strike 
-and  dip  between  the  heavy  bedded  gneiss  and  the  limestone  was 
.not  suspected  till  over  a  hundred  localities  had  been  visited,  but 
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the  relation  is  found  to  be  persistent  throughout  the  town.  It 
must  be  taken  to  explain  the  areal  extent  of  the  limestone  along 
a  general  n.w.-s.e.  direction.  The  limestone  is  found  occurring  in 
numerous  bands,  which  the  valleys  follow.  These  courses  are  the 
directions  taken  by  several  of  the  rivers,  and  where  the  streams 
do  not  follow  along  the  soft  limestone  beds,  they  cut  across  the 
strike  at  a  right  angle  and  thus  take  the  next  most  economical 
course  for  them.  The  middle  branch  of  the  Hudson  river  in 
Minerva  represents  the  course  taken  by  a  branch  stream,  on 
soft  limestone,  in  effecting  the  capture  of  the  upper  waters  of 
the  Hudson.  The  "  fishhook "  bend  taken  by  that  river  at 
Gooley  is  characteristic  for  stream  capture. 

Extended  sections  of  the  gneiss  are  met  in  going  up  Beaver, 
Moxham,  or  Dutton  mountains.  Frank,  Split  rock.  Mink,  Beaver 
and  Thumb  ponds  have  their  beds  in  the  gneiss  and  show  many 
exposures  along  their  shores.  They  are  connected  by  swamp 
lands,  or  are  separated  by  almost  imperceptible  divides.  The 
gneiss  extends  westward  into  Hamilton  county,  where  it  is 
associated  with  limestone,  at  the  Chain  lakes.  First,  Second, 
Sixth  and  Seventh  lakes  are  entirely  in  the  gneiss,  and  the 
same  rock  is  found  along  the  north  shore  of  Fifth  lake. 
Third  lake  lies  on  the  contact  between  the  gneiss  which  ap- 
pears along  its  southern  edge,  and  the  limestone.  The  latter, 
of  the  usual  coarsely  crystalline  graphitic  variety,  is  found 
standing  in  bold  cliffs  along  the  north  shore. 

The  gneiss  is  exposed  in  a  single  section  of  nearly  100  feet  in 
the  hill  halfway  between  Sherman  pond  and  the  pond  which  is 
drained  by  Deer  creek.  Many  alternating  bands  occur,  coarse 
and  fine,  with  members  so  rich  in  mica  as  to  go  over  toward  the 
schists.  A  band  is  found  toward  the  top  which  is  almost  entirely 
coccolite  and  quartz.  The  pyroxene  is  in  light  green  granular 
crystals.  The  extinction  angle  and  interference  colors  are  high. 
The  quartz  is  notable  for  its  inclusions  of  garnet.  These  are 
colorless  and  give  six-sided  or  rhombic  sections.  They  are 
bounded  by  faces  of  the  rhombic  dodecahedron  (101). 
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Exposures  of  the  gneiss  with  associated  bo&ses  of  gabbro  were 
found  near  Deer  creek,  a  mile  to  the  west  of  Callahan  pond, 
along  the  western  side  of  the  road  juet  south  of  Irishtown,  and 
on  the  southeastern  spur  of  Snyder  hill.  The  idiomorphic  feld- 
spar seen  under  the  microscope  is  labradorite.  It  is  twinned  on 
the  albite  law  in  broad  lamellae  and  hae  the  usual  clouded  hkbit 
of  the  feldspars  in  gabbro.  The  single  lamellae  are  filled  by 
innumerable  rods  and  dots  irregularly  placed,  probably  magnetite 
microlites.  These  are  frequently  very  abundant  and  of  minute 
size  in  one  lamella  and  coarser  and  far  less  abundant  in  the  suc- 
ceeding band.  Other  feldspar  inclusions  are  in  the  nature  of 
larger,  oriented  rode,  such  as  would  indicate  the  passage  of  iron- 
bearing  waters  along  solution  planes.  The  dark  silicates  are 
irregular,  clear  green  masses  of  hypersthene,  and  abundant 
biotite,  in  red  brown  shreds,  favoring  association  with  grains  of 
magnetite.    The  rock  also  carries  garnet. 

An  interesting  phase  of  the  gneiss  is  found  at  the  i>oint  where 
the  road  leading  to  the  North  Woods  club  crosses  the  Boreas 
river.  The  feldspar  is  a  reddish  pink  orthoclaise.  This  rock  ex- 
tendi for  over  a  mile  up  stream  on  the  western  bank  of  the  river. 

The, relation  between  the  gneiss  and  the  limestone  with  its 
associated  schi48ts  and  homblendic  bands,  is  not  left  doubtful, 
though,  in  the  majority  of  instances  where  the  rocks  outcrop 
together,  the  differential  effects  of  metamorphism  on  the  gneiss 
and  on  the  far  more  sensitive  limestone  are  such  as  tend 
to  disguise  it.  The  limestone  one  and  a  quarter  miles  to  the 
east  of  Huntley  pond  is  exposed  conformably  interbedded  be- 
tween gneiss  and  quartzite.  A  six  inch  band  of  limestone  is 
found  along  the  Hudson  river  a  little  southeast  of  Pisgah 
mountain,  regularly  bedded  with  gneiss  above  and  below  it. 
East  of  Bullhead  pond,  along  the  road,  gneiss  is  again  found 
with  a  bed  of  limestone,  the  two  exhibiting  the  same  strike 
and  dip.  The  limestone  is  exposed  with  gneiss  lying  con- 
formably above  it  at  a  point  just  south  of  the  stream  which 
flows  into  Jones  brook,  2  miles   northwest   of   Olmstedville. 
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The  average  strike  of  the  limestone  over  wide  areas  is  the 
same  as  that  of  the  gneiss.  Where  the  two  rocks  are  seen 
side  by  side,  they  appear  together  conformably  or  the  lime- 
stone has  suffered  from  the  compressive  forces  of  metamor- 
phism  ISO  considerably  as  to  have  completely  lost  its  original 
bedded  character.  The  contortion  has  at  times  been  so  great  as 
to  amount  to  flowing  under  conditions  of  plasticity.  The  accom- 
panying effects  on  the  gneiss  resulted  in  the  production  of  a 
monoclinal  structure  throughout  the  township.  It  was  not  pos- 
sible to  establish  definite  folds.  Examination  in  the  field  makes 
it  plain  that  faulting  is  much  rarer  here  than  elsewhere  in  the 
Adirondacks.  The  small  stream  which  joins  Jones  brook  near- 
est to  its  union  with  Minerva  stream,  probably  owes  its  posi- 
tion to  a  fault  line,  but  the  sawtooth  structure  of  other  regions, 
where  blocks  have  been  commonly  faulted  and  tilted  toward 
the  east,  is  not  found  over  this  area.  On  any  supposition  the 
pre-Paleozoic  series  of  metamorphosed  sediments  in  Minerva 
township  must  be  measured  by  many  thousands  of  feet. 
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PLEISTOCENE  GEOLOGY  OF  WESTEEN  NEW  YORK 

INTEODUCTION 

The  work  during  the  summer  and  autumn  of  1900  wa®  in  con- 
tinuation of  the  study  of  the  glacial  lake  history  of  the  western 
half  of  the  state,  which  had  been  prosecuted  for  several  years. 
The  territory  lying  between  the  Tonawanda  and  Limestone 
creeks,  covering  the  interesting  district  of  the  "Finger  lakes/' 
and  the  Genesee  valley,  had  already  been  covered  in  a  general 
way.  The  resnlts  of  these  vacation  studies  have  been  publisihed 
in  several  papers  in  the  scientific  journals  since  1895.^ 

Three  districts  were  examined  during  the  season  of  1900,  as 
follows: 

1  A  special  study  was  made  of  the  Iroquois  shore  line  between 
Biehland'  and  Watertown,  and  the  constructional  features  were 
mapped.  The  study  had  special  reference  to  rate  of  differential 
elevation  of  the  beach. 

2  In  eastwapd  extension  of  the  previous  investigation,  the  ter- 
ritory between  Syracuse  and  Oneida  wa©  studied  with  special 

*  Glacial  lakes  of  western  New  York.  Geol.  soc.  Am.  Bui.  Ap.  1895.  6: 
353-74. 

Lake  Newberry  the  probable  successor  of  Lake  Warren.    Ibid.    6:462-66. 

Kame-moraine  at  Rochester  N.  Y.    Am.  geol.    July  1895.    16:39-51. 

Physical  characters  of  Monroe  county  and  adjacent  territory.  Roch. 
acad.  sci.  Proc.    Jan.  1896.    3:28-38. 

Kame  areas  in  western  New  York,  south  of  Irondequoit  and  Sodus  bays. 
Jour.  geol.     Feb.-Mar.   1896.     4:129-59. 

Glacial  Genesee  lakes.    Geol.  soc.  Am.  Bui.    1896.    7:423-52. 

Lake  Warren  shore  lines  in  western  New  York,  and  the  Geneva  beach. 
Geol.  soc.  Am.  Bui.    Mar.  1897.    8:269-86. 

Glacial  geology  of  western  New  York.  Geol.  mag.  Lond.  Decade  4.  Dec. 
1897.     4:529-37. 

Glacial  geology  in  America.  Am.  ass'n  adv.  sci.  Proc.  Aug.  1898. 
47:257-90;  Am.  geol.    22:154-89;  Sci.  Am.  Sup.   Sep.  1898.    nos.  1183-85. 

Kettles  in  glacial  lake  deltas.    Jour.  geol.    Sep.-Oct.  1898.    6:589-96. 

Glacial  waters  in  the  Finger  lakes  region  of  New  York.  Geol.  soc.  Am. 
Bui.  Feb.  1899.    10:27-68. 

Glacial  lakes  Newberry,  Warren  and  Dana  in  central  New  York.  Am. 
Jour.  sci.    Ap.  1899.    7:249-63. 
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reference  to  the  higher,  and  earlier  channels  cut  by  the  overflow 
of  the  glacial  waters. 

3  In  westward  extension  of  the  study,  a  large  area  was 
examined  in  Cattaraugus  and  Chautauqua  counties. 

The  glacial  phenomena  are  so  varied  and  complex,  specially  in 
the  last  two  districts,  and  the  territories  so  large  that  it  was  not 
possible  in  one  season  to  complete  the  study.  However,  it  is 
desirable  to  describe  some  of  the  phenomena  with  considerable 
fulness  and  detail  in  this  report.  The  districts  will  be  taken  up 
in  the  order  given  above. 

1  THE  IROQUOIS  SHORE  LINE, 
Introduction^  historical 

The  ancient,  high-level  beach  phenomena  in  the  Ontario  basin 
were  noted  by  the  early  settlers  and  travelers,  and  their  character 
as  beaches  was  generally  recognized.  They  were  the  subject  of 
study  and  printed  notice  by  Thomas  Roy  (1887),  Lyell,  Hall  and 
others  long  before  their  glacial  relationship  was  recognized.  The 
earliest  description  of  these  ancient  shores  in  New  York  state 
was  by  Prof.  James  Hall,  in  the  Geology  of  New  York;  Jfth  geologi- 
cal district^  p.  348-51.  In  his  chapter  on  lake  ridges  he  marshals 
the  facts  in  proof  of  their  beach  origin,  and  describes  their  form 
and  structure-  He  also  discusses  briefly  their  relationship  to  the 
land  surfaces  of  central  New  York,  and  their  hight  above  Lake 
Ontario.  The  elevation  of  the  beaches  he  attributed  to  changes 
in  land  level,  and  admitted  the  possibility  of  their  marine  origin. 
As  he  was  personally  acquainted  with  only  the  stretch  between 
Niagara  and  Sodus,  he  did  not  recognize  the  deformation  of  the 
shore  line  from  the  horizontal. 

In  recent  years  these  beaches  have  been  traced  in  New  York 
state  by  G.  K.  Gilbert,  and  in  Canada  by  J.  W.  Spencer.  It  has 
been  demonstrated,  specially  through  the  work  and  writings  of 
Mr  Gilbert,  that  the  beaches  are  the  shore  of  a  great  lake  which 
had  its  outlet  at  Rome  N.  Y.  to  the  Mohawk  valley,  and)  was  held 
up  to  that  level  by  the  continental  ice  sheet,  which  covered  and 
blocked  the  St  Lawrence  valley.    The  name  Iroquois  was  given. 
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to  the  beaohee  by  Spencer,  though  he  did  not  recognize  their 
lacustrine  origin.  Only  very  generalized  maps  were  published 
in  the  writings,^  and  no  detailed  description  of  any  considerable 
stretch  of  the  sihore  has  ever  been  printed. 

The  map  of  Lake  Iroquois  (pi.  19)  prepared  to  accompany  this 
report  is  not  intended  to  be  exact  in  minor  features.  Within 
the  area  many  drumlins  and  other  high  points  were  islands  in 
the  lake.  A  few  of  these  islands  are  indicated  in  the  district 
between  Syracuse  and  Oswego.  For  the  boundaries  in  Canada 
the  writer  has  used  the  sketch  map  published  by  Dr  J.  W. 
Spencer,  and  for  part  of  the  New  York  boundaries  he  is  indebted 
to  Dr  G.  K.  Gilbert.  Toward  the  St  Lawrence  valley  the  shores 
are  not  determined. 

Tilting  of  shore  line 

In  the  pai)ers  referred  to  above  was  discussed  the  deformation 
or  differential  uplift  of  the  Ontario  basin,  which  has  largely  or 
wholly  occurred  since  the  extinction  of  Lake  Iroquois,  thereby 
causing  a  present  northward  rise  of  the  beaches.  Between  Rich- 
land and  Watertown  the  beach  has  an  average  slope  of  over  5 
feet  to  the  mile,^  or  something  over  135  feet  in  the  26  miles  of 
direct  distance. 

The  north«wardi  direction  of  the  beach  in  this  section  with  its 
decided  slope  and  well  developed  characters  makes  it  probably 
the  most  interesting  and  desirable  portion  of  the  whole  Iroquois 
shore  line  for  the  study  of  the  differential  elevation.  Following 
a  suggestion  of  Mr  Gilbert,  the  writer  undertook  the  examina- 
tion of  the  beach  in  order  to  discover  if  it  indicated  that  any  por- 

' • 

*  Spencer,  J.  W.  Terraces  and  beaches  about  Lake  Ontario.  Am.  jour, 
sci.  1882.    24:400. 

'  The  IroquolB  beach;  a  chapter  in  the  geological  history  of  Lake 

Ontario.    Roy.  80Ci  Can.  Trans.  1890.    7:21,  ser.  4. 

Deformation  of  Iroquois  beach  and  birth  of  Lake  Ontario.    Am, 

Jour.  sci.  1890.    40:443. 

Gilbert,  G.  BI.  ''History  of  Niagara  river.  Com.  Niag.  reservation  6th 
an.  rep^t    Alb.  1880. 

'  At  Bichland  t)ie  railroad  station  has  an  akitude  of  522  feet  A.  T.,  and 
the  tipper  bar  Is  44  feet  above,  or  566  feet  At  Brookside  cemetery,  2  miles 
sonth  of  WatartoVn,  the  upper  bars  lie  on,  or  above,  the  700  foot  contour 
of  the  New  Twk  topographic  map,  Watertown  sheet 
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tion  of  the  tilting  occurred  during  the  life  of  the  lake.  If  such 
movement  did  occur  in  any  considerable  degree,  it  ought  to  be 
shown  by  the  northward  increase  of  the  vertical  distance  between 
the  upper  and  lower  bars,  ae  this  portion  of  the  shore  line  lies 
north  of  the  outlet  at  Rome. 

Maps  and  profiles 

A  rapid  survey  and  mapping  wa«  made  of  the  constructional 
features,  as  embankments,  bars  and  spits,  through  about  30  miles 
of  the  shore  line.  These  features  are  shown  on  the  accompany- 
ing map  (pi.  9).  No  attempt  was  made  to  trace  the  initial  shore 
lines,  which  lie  at  varying  distances  landward  and  are  very 
irregular,  as  they  are  indefinite  and  useless  for  the  present  study. 

At  frequent  intervals  profile  cross-sections  were  made  of  the 
several  bars  compoang  the  beach.    The  location  of  such  profiles 

is  indicated  on  the  map,  and  they  are  also  jJotted  on  a  chart  for 
comparison  (pi.  10).  On  this  chart  the  25  profiles  are  numbered 
from  south  to  north,  and  they  are  correspondingly  nnmbered  on 
the  map. 

In  the  chart  of  profiles  the  vertical  scale  is  five  times  the  hori- 
zontal, that  is  to  say,  the  squares  represent  50  feet  vertically,  and 
250  feet  horizontally.  The  numerals  in  two  figures  on  the  bar 
crests  of  the  profiles  indicate  the  hight  in  feet  above  the  low 
ground  at  the  edge  of  the  sublacustrine  plain;  those  in  three 
figures  indicate  the  hight  above  sea.  The  location  of  the  high- 
ways and  of  the  Rome,  Watertown  and  Ogdensburg  railroad  are 
indicated  by  suitable  marks.  The  profiles  of  the  chart  are  not 
placed  in  their  exact  geographic  relationship,  either  horizontally 
or  in  the  distance  apart,  but  the  highest  bar,  or  the  one  farthest 
landward,  is  given  nearly  the  same  position  at  the  right  side  of 
the  chart.  The  distances  between  the  cross-sections  are  given 
in  miles  by  the  numerals  placed  between  the  profiles.  The 
straight  line  distance  covering  the  25  profiles  i^  26  miles;  the 
distance  following  the  curves  of  the  beach  is  about  28  miles. 
On  the  diagram  the  profiles  are  divided  into  several  groiups,  des- 
ignated by  letters,  each  group  lying  within  a  section  of  the  shore 
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line  where  the  topographic  conditions  were  similar  and  the  agen- 
cies tended  to  make  the  shore  feature®  comparatively  uniform. 

The  horizontal  measurements  for  the  profiles  were  partly  by 
eye  estimate  and  partly  by  pacing;  this  element,  which  is  less 
important,  is  therefore  only  approximate.  The  vertical  measure- 
ments were  usually  by  hand  level,  and  sometimes  repeated,  and 
the  error  in  this  important  element  is  probably  not  much  greater 
than  is  the  variation  in  the  surface  of  each  individual  bar. 

Composition  of  the  bars 
The  material  or  composition  of  the  bars,  whether  coarse  or  fine, 
was  not  always  recorded,  but  it  is  usually  either  sand  or  finer 
gravel,  rarely  coarse  gravel.  This  factor  may  possibly  be  of  crit- 
ical importance,  as  indicating  depth  of  water.  However,  the  com- 
X>osition  of  the  bars  is  tho'ught  to  depend  chiefly  on  other  condi- 
tions than  depth,  as  the  character,  abundance  and  proximity  of 
the  supply;  the  exposure  to  the  wind  or  the  force  of  the  waves;  the 
depth  off  shore;  the  strength  of  the  shore  currents. 

Vertical  relation  of  the  bars 
The  significance  of  the  bars  with  reference  to  changes  of  lake 
level  lies  in  the  element  of  vertical  relation.  For  purpose  of 
comparing  the  vertical  spacing  the  chart  of  profiles  (pi.  10)  has 
been  prepared,  and  the  tabulation  p.  110.  The  figures  in  the 
second  column,  for  the  highest  bars^  are  inexact  only  to  the  degree 
of  uncertainty  in  selecting  a  basal  point  on  the  lake  bottom  plain, 
which  is  not  very  difficult  since  this  plain  is  quite  definite.  How- 
ever, any  error  here  does  not  in  the  least  affect  the  figures  in  the 
other  columns.  The  figures  of  the  third  and  fourth  columns  are 
accurate,  the  only  and  rare  uncertainty  being  the  determination 
of  the  highest  bar.  As  shown  by  the  map,  the  bars  are  not  con- 
tinuous, and  therefore  there  is  not  absolute  certainty  of  the  iden- 
tity or  exact  correspondence  of  the  highest  bars  of  the  different 
sections.  However,  considering  the  long  stretches  of  continuous 
beach,  the  large  number  of  sections,  and  the  long  distance  which 
they  cover,  the  practical  identity  of  the  upper  level  can  properly 
be  assumed. 
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The  only  interval  between  any  two  adjacent  bars  of  this  shore 
which  appears  to  have  any  value  for  purpose  of  comparison  is 
that  between  the  highest  bar  and  the  next  well  developed  bar 
below.  This  was  first  suggested  by  the  bars  immediately  south 
of  Adams/  where  two  strong  bars  occur,  the  summit  bar  and  the 
next  below,  with  a  vertical  difference  of  27  feet.  These  bars  are 
conspicuous  even  from  the  railroad.  The  vertical  separation 
seems  too  great  to  permit  the  two  bars  to  have  formed  at  the  same 
time,  specially  as  the  lower  bar  is  ordinary  fine  beach  gravel. 

Table  of  vertical  relations 

Ti!a*-„«^  «p        Vertical  dis-  Vertieal 

hShMfc  **"<»    between  distance  be- 

No.  of  cross-section                       i»o»  «k™  ♦i.^       highest  bar  tween  highest 

^itT«  and  next  strong  and  lowest 

P'*^°               bar  lower  bars 

Feet  Feet                     Feet 

25 ..  37                     61 

24 35  10 

23 25  ? 

22 ..  ? 

21 41  *?                      14 

20 35  14                     24 

19 41  10  m 

18 48  ?  28 

17 50  27  42 

16 40  27  27 

15 63  2r7  40 

14 41  35  35 

13 63  35  43 

12 51  24  3* 

11 51  16  16 

10 58  16  38 

9 61  18  4il 

8 41  15  36 

7 ., 67  11  88 

6 60  15  39 

5 45  13  37 

4 57  ?  35 

3 42  ? 

2 50  ?  .. 

1 44  22  22 


•  • 


•  • 


Sec  chart  of  profiles,  group  G,  nos.  15,  16,  17.  also  pi.  11,  12. 
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The  expectation  of  finding  a  repetition  of  the  27  foot  interval 
both  north  and  south,  or  of  a  space  corresponding  to  it,  is  not 
fully  met.  Northward  such  interval  is  wanting  except  in  profile 
25,  which  has  two  groups  of  bars,  the  interval  between  the  crests 
of  the  two  groups  being  37  feet.  On  the  south  the  next  profiles 
(nos.  13, 14)  have  a  clear  interval  of  35  feet,  which  is  too  great; 
but  profiles  5  to  12  do  suggest  a  northwardly  increasing  interval 
in  accord  with  the  Adams  bars  (nos.  15  to  17)  and  with  no.  25. 

These  figures  of  the  third  column  of  the  table  give  the  best 
showing  that  can  be  found  for  a  northward  increasing  interval 
betw^een  the  bars.  Taking  profiles  5  to  12,  16  and  25,  an  increase 
of  about  1  foot  a  mile  can  be  figured  out.  But  this  omits  from 
consideration  the  profiles  with  a  regular  succession  of  bars,  as 
nos.  4^  18,  21  and  24;  also  those  which  show  no  lower  bars,  though 
the  range  is  sufficient,  as  nos.  2,  3,  22  and  23.  The  negative  evi- 
dence seems  quite  as  strong  as  the  affirmative,  specially  since  the 
latter  rests  only  on  a  few  selected  profiles. 

If  there  had  been  a  sipreading  apart  of  the  two  upper  bars 
toward  the  north  of  1  foot  to  the  mile,  it  would  seem  as  if  the 
spreading  throughout  the  w^ hole  range  of  the  bar  formation  should 
certainly  be  evident  in  column  4  of  the  above  table.  The  evidence 
here  is  decidedly  negative.  The  best  that  can  be  said  regarding 
the  suggestion  of  northwapd  differential  uplift  during  the  life  of 
Lake  Iroqnois  is  that  it  is  not  yet  proven. 

Time  of  land  warping 
The  vertical  distance  between  the  upper  and  the  lower  bars,  35 
to  40  feet,  i«  supposed  to  be  more  than  the  depth  of  water  limit- 
ing the  formation  of  sandbars,  this  depth  being  taken  as  about 
30  feet.  The  inference  is  that  the  great  vertical  range  of  the 
bars  was  prodn-ced  by  subsidence  of  the  water  level.  The  distri- 
bution of  bars  at  all  levels  throughout  the  vertical  range  suggests 
a  slow  subsidence.  It  seems  probable  that  the  lowering  was 
caused  by  the  down-cutting  of  the  outlet  of  the  lake  at  Rome 
N.  Y.,  and  not  by  the  tilting  of  the  basin.  The  warping  of  the 
region  has  apparently  occurred  since  the  extinction  of  Lake  Iro- 
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quois,  or  el-se  the  movement  was  so  slow  that  it  was  not  positively 
reg^istered  in  the  Iroquois  beaches.  Any  tilting  doiring  the  life 
of  Lake  Iroquois  was  at  the  most  only  1  foot  a  mile,  or  one  fifth 
of  the  entire  warping. 

The  maturity  of  the  shore  line  is  so  far  advanced  that  it  would 
seem  to  have  required  at  least  a  few  thousand  year®.  The  pres- 
ent rate  of  northward  differential  uplift  of  the  area  of  the  great 
lakes  has  been  recently  estimated  by  Mr  Gilbert  as  equal  to  .42 
foot  in  100  miles  in  100  years.  At  this  rate  it  would  take  10,000 
years  to  produce  in  the  Richland- Watertown  stretch  of  shore  line 
(26  miles)  a  deformation  of  merely  11  feet,  and  at  least  12  times 
as  long  to  produce  the  deformation  which  actually  exists. 

Conclusion 

As  the  result  of  this  study,  two  conclusionis  appear  reasonable. 
They  are:  1  The  warping  of  the  eastern  end  of  the  Ontario  basin 
has  occurred  mostly,  if  not  entirely,  sinee  the  extinction  of  Lake 
Iroquois,  as  the  shore  seems  equally  tilted. 

2  The  large  amount  of  tilting  considered  in  connection  with 
the  usual  estimates  of  post-glacial  time  (10,000  to  50,000  years) 
w^ould  indicate  that  the  rate  of  deformation  has  been  much 
greater  than  the  present  rate,  at  least  for  the  local  area. 

2  SYRAOUSE-OXEIDA  DISTRICT 

General  statement 

In  recent  publications  (see  p.  105  for  references)  the  writer  has 
described  the  remarkable  channels  in  the  region  southeast  and 
east  of  Syracuse,  w^hich  were  produced  by  the  eastward  escape 
of  the  glacial  w^aters  from  the  Onondaga,  Butternut  and  lime- 
stone valleys.  The  highest  of  these  ancient  channels  were  prob- 
ably cut  by  the  escape  of  local  waters  held  by  the  ice  sheet  in  the 
deep  valleys  now  occupied  by  the  streams  named  above.  The 
lower  and  more  capacious  channels  were  certainly  made  by  the 
great  rivers  w^hicli  drained  the  vast  glacial  lakes  that  fronted  the 
ice  sheet  far  westward  across  the  Ontario,  the  Erie  and  the 
southern  Huron  basins.     The  general  history  and  description  of 
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CDBe  great  glacial  lakes,  named  Warren,  Dana  and  hyper-Iro- 
l^is  waters,  has  been  given  in  the  writings  referred  to  above, 
taring  the  summer  of  1900  several  very  interesting  series  of  high 
k^annelfi,  cut  by  the  earlier  and  local  waters  held  at  high  levels 
;.  the  valleys  east  of  Manlius  and  Fayetteville  (Limestone  creek) 
are  been  mapped  as  far  eastward  a«s  Eaton  hill,  G  miles  south- 
Mt  of  Oneida. 

At  this  time  it  is  impossible  to  write  a  full  and  detailed  descrip- 
.on  of  these  remarkable  and  interesting  phenomena  and  of  their 
orrelatione,  since  some  details  are  not  yet  studied,  and  their 
elations  to  the  primary  outlets  across  the  divide  to  the  south 
ave  not  been  determined  by  personal  observation.  A  general 
escription  can  properly  be  given  now,  with  some  illustrations.^ 

Valleys  and  local  lakes 

A  glance  at  the  accompanying  sketch  maps  (pi.  15,  IG)  will 
how  the  following  larger  creeks  flowing  northward,  in  succes- 
ive  order  toward  the  easr:  Onondaga  creek,  flowing  through 
lyracuse;  Butternut  creek,  flowing  through  James ville;  Lime- 
tone  creek,  flowing  through  ^lanlius  and  Fayetteville;  Chit- 
c^nango  creek,  flowing  through  Cliittenango;  Cowaselon  creek, 
lowing  through  ^ferrillsville  and  Ilobokc^nville;  Oneida  creek, 
lowing  through  Oneida. 

These  streams  all  lie  in  deep  valleyrJ  of  preglacial  origin,  and 
vere  the  sites  of  glacial  lakes  during  the  time  when  the  front  of 
he  ice  sheet  was  slowly  receding  northward  over  the  region. 
Between  the  valleys  are  high  ridges  of  Silurian  and  Devonian 
strata  covered  with  a  veneer  of  glacial  drift.  The  ridges  end 
juite  abruptly  on  about  the  parallel  of  Chittenango. 

With  this  suggestion  of  the  toi)ograj)hy,  the  reader  can  readily 
understand  the  effect  produced  on  the  drainage  by  a  huge  dam 
of  glacier  ice  extending  east  and  west  athwart  the  north-sloping 
valleys  and  ridges.     The  watem  from  precii>itation  and  from  the 

*  The  writer  desires  to  express  here  his  hearty  thanks  for  and  apprecia- 
tion of  the  help  given  bim  in  the  study  of  this  district  by  two  p:ontlemen 
3f  Cazenovia,  J.  H.  T.  E.  Burr  and  Robert  T.  Hubbard.  Their  interest 
and  assistance  in  the  work  were  both  an  advantage  and  a  pleasure. 
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melting  of  the  glacier  would  be  impounded  in  the  oi>en  portion 
of  the  valleys  south  of  the  ice  f  ix)nt.  Primarily  these  local  glacial 
lakes  had  their  outlets  across  the  divide  at  the  head  of  each  valley 
into  some  course  of  southern  drainage,  and  this  disposal  of  the 
surplus  watere  continued  till  the  receding  ice  front  uncovered 
passes  across  the  crests  of  the  ridges  which  were  lower  than  the 
cols  or  outlets  at  the  valley  heads,  and  which  led  in  a  direction 
permitting  free  and  final  escape  of  the  overflow. 

The  glacial  lakes  which  occupied  the  Onondaga  and  Butternut 
valleys  have  been  described  in  the  former  writings.^  It  was  the 
intention  to  examine  during  1900  all  the  low  passes  or  cols  across 
the  divide  at  the  heads  of  the  several  valleys  east  of  Butternut 
valley,  and  to  study  the  history  of  the  glacial  waters  held  in  the 
valleys.  This  plan  was  not  carried  out  except  for  the  Limestone 
valley  and  the  Cazenovia  valley,  the  latter  lying  eastward  of  and 
connected  with  the  former.  The  data  relating  to  these  valleys 
and  their  glacial  lakes  will  be  presented  here. 

In  order  to  fully  understand  and  appreciate  the  geologic  fea- 
tures to  be  described,  the  reader  should  have  before  him  the  Caze- 
novia sheet  of  the  New  York  state  topographic  map,  on  which 
are  located  all  the  places  and  geographic  features  referred  to  in 
the  following  description.^ 

Limestone  and  Cazenovia  valleys 
Divide  and  outlets.  The  line  of  water  parting  between  north- 
flowing  and  south-flowing  waters  passes  south  of  Erieville,  on  the 
east  edge  of  the  map.  Running  west  southwest  over  the  hills,  it 
crosses  the  New  Woodstock  valley  on  a  moraine  filling,  IJ  miles 
north  of  Sheds  Corners.  It  then  passes  west  over  the  summits  of 
three  high  hills,  and  then  makes  a  sharp  turn  to  the  south  around 
the  Deruyter  reservoir.  The  line  then  trends  west  of  north  over 
Arab  hill,  and  Stockham  hill,  and  runs  3  miles  farther  north 
around  the  head  of  the  stream  which  flows  into  Carpenter  pond. 

» 

^Geol.  see.  Am.  Bui.  10:57-64;  Am.  Jour.  sci.  7:251-54. 

2  Any  published  sheet  of  the  New  York  topographic  map  may  be 
obtained  by  sending  5  cents  to  the  director  U.  S.  geological  survey,  Wash- 
ington D.  C. 
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There  are  four  low  passes  across  this  divide  to  which  reference 
will  be  made.  The  altitudes  are  shown  by  the  contour  lines  of 
the  map  to  within  at  least  20  feet. 

There  is  a  low  notch  or  col  2  miles  southeast  of  New  Wood- 
stook  village,  and  over  a  mile  north  of  Sheds  Corners.  The  lowest 
point  is  at  the  west  side  of  the  moraine,  with  a  map  altitude  of 
1360  to  1380  feet.  The  Elmira,  Cortland  and  Northern  branch  of 
the  Lehigh  Valley  railroad  takes  advantage  of  the  lowest  point, 
but  makes  a  cutting  at  the  summit.  There  is  no  defined  channel 
across  the  col,  from  which  we  con€lude  that  it  did  not  carry  the 
overflow  of  any  large  lake.  Theoretically,  however,  judging  from 
the  topography,  it  seems  likely  that  a  small  lake,  perhaps  3  miles 
long,  existed  in  the  valley  north  of  the  moraine,  covering  the  site 
of  New  Woodstock.  When  the  receding  ice  front  exposed  ground 
northwest  of  the  village,  at  about  1360  feet,  the  small  and  short- 
lived New  Woodstock  glacial  lake  was  drained  into  the  larger 
Jake  now  to  be  described. 

One  mile  south  of  Deruyter  reservoir  are  two  passes  across  the 
divide  separated  by  a  hill.  The  map  makes  the  altitude  of  the 
■eastern  pass  1300+  feet  and  of  the  western,  1320  feet,  but  an 
aneroid  measurement  makes  the  latter  pass  the  lower.  The  west- 
ern col  is  an  extensive  swamp,  still  partly  in  forest,  with  definite 
channels  leading  south.  The  northwest-southeast  road,  2  miles 
south  of  the  reservoir,  crosses  the  outlet  channel  a  mile  below  the 
«ummit,  at  a  point  where  it  has  an  eastward  loop.  The  eastern 
col  shows  less  action  of  flowing  water.  It  carries  the  state  ditch 
which  diverts  into  the  reservoir  water  that  naturallv  had  south- 
ern  flow.  A  small,  local,  glacial  lake,  about  4  miles  long,  which 
we  may  call  the  Deruyter  lake,  had  its  outlet  by  one  or  both  of 
these  passes  till  the  ice  dam  had  receded  past  the  north  end  of 
Arab  hill. 

The  lowest  pass  across  the  divide  and  the  one  which  was  the 

•chief  outlet  of  the  glacial  waters,  is  at  the  north  end  of  Arab  hill, 

4  miles  west  of  New  Woodstock  and  2  miles  south  of  Delphi.     It 

leads  west  toward  Fabius  and  has  a  map  altitude  of  1280  +  feet. 

TPhe  col  is  an  open  valley,  cleared  of  forest,  and  shows  plainly  the 
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lengthwise  channeling  by  flowing  waters.  1  mile  west,  where 
crossed  by  a  north  and  south  highway,  the  river  channel  is  well 
formed,  about  30  rods  wide  and  20  to  30  feet  deep,  with  definite 
banks.  PI.  17  and  18  reproduce  two  photographs  of  the  channel 
at  the  road  crossing. 

This  outlet  which  we  may  call  the  Fabius  outlet,  since  it  leads 
toward  that  village,  some  3  miles  away,  remained  the  outlet  of  a 
large  glacial  lake  (Manlius-Oazenovia  lake)  for  a  long  time.  When 
the  glacier  front  receded  some  11  miles,  it  uncovered  a  lower  pass, 
at  Perryville  (Blakeslee),  about  5  miles  northeast  of  Cazenovia 
which  was  the  first  of  a  series  of  channels  giving  eastward  escape 
for  the  waters  {see  p.  124). 

Moraines.  The  heaviest  and  most  conspicuous  massing  of 
moraine  drift  is  at  the  head  of  the  Limestone  valley  proper,  1 
mile  south  of  Delphi  village.  A  southward  continuation  of  this 
moraine  stretches  about  3  miles  »to  the  foot  of  the  Deruvter  reser- 
voir.  Another  small  valley  moraine  has  already  been  mentioned 
as  constituting  the  divide  in  the  valley  south  of  New  Woodstock. 
The  higher,  or  hill  ground  does  not  carry  heavy  drift,  but  the 
lower  ground  holds  considerable  moraine,  or  kame  drift.  Most 
of  the  surface  between  Cazenovia  and  New  Woodstock  is 
morainal,  and  that  which  lies  below  1300  feet  is  of  a  rounded, 
smooth  and  subdued  form  characteristic  of  moraine  deposits  laid 
down  under  water.  This  area  can  be  well  seen  from  the  Lehigh 
Valley  railroad. 

Special  features.  In  the  northern  part  of  the  area  of  the 
Cazenovia  sheet  the  drift  is  mostly  in  the  form  of  drumlins, 
specially  on  the  higher  ground.  West  of  Cazenovia  lake  the 
ridge  which  divides  the  valley  from  the  Limestone  valley  is  cut 
by  a  deep  notch,  plainly  shown  on  the  map.  The  altitude  of  this 
notch  is  about  1270  feet,  and  it  mus.t  therefore  have  held  a  strait 
which  connected  the  two  branches  of  the  glacial  lake. 

Manlius-Cazenovia  glax^ial  lake 
Geography.    The  glacial  lake  in  the  Limestone  valley  filled  the 
valley  from  Deruyter  reservoir  as  far  northward  as  Manlius,  a 
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liBtanice  of  about  15  miles.  Its  breadth,  in  this  valley,  was  only 
I  or  3  miles,  but  it  had  a  branch  or  fork  on  the  east  which  filled 
he  shallow  valley  of  Cazenovia  and  the  narrow,  deep  valley  of 
Thittemango  creek,  thus  maldng  a  lake  of  considerable  area  but 
rregular  shape  (pi.  20). 

All  the  overflow  of  these  glacial  waters  was  contributed  to  the 
outh  flowing  Tioughnioga  creek;  those  of  the  New  Woodstock 
^hase  to  the  west  branch  of  that  creek,  those  of  the  Deruyter 
►hafie  to  the  middle  branch,  and  those  of  the  larger,  more  im- 
portant Manliufi-Oazenovia  lake  to  the  west  branch.  During  the 
ime  which  we  are  considering  the  Tioughnioga  was  a  large  river, 
arrying  to  the  Susquehanna  the  abundant  waters  from  the  melt- 
ag  of  a  long  stretch  of  the  glacier,  and  deeply  filling  portions  of 
ts  ancient  valley  with  detritus  from  the  glacial  drift. 

Deltas.  The  most  conspicuous  delta  in  the  basin  of  the  Manlius- 
}azenovia  lake  m  at  Union  Corners,  1  mile  west  of  Delphi  station 
►n  the  Lehigh  Valley  railroad.  A  broad  delta  was  built  here  by 
he  New  Woodstock  creek,  with  a  summit  plateau  of  1280  feet 
Jtitude.  The  village  of  New  Woodstock  stands  on  a  delta  plain 
milt  in  the  lake  by  the  united  action  of  the  two  branches  of  the 
Teek.  PL  21  is  a  view  of  the  eroded  edge  of  the  upper  level  of 
he  plain  north  of  the  village. 

Bemnants  of  other  deltas  may  be  found  where  streams  poured 
lown  into  the  ancient  lake.  Other  evidences  of  standing  water 
njay  also  be  frequently  seen,  such  as  leveled  stretches,  produced 
)y  the  filling  of  shallow  places  by  land  wash  or  by  peaty  accumu- 
ation.  Hints  of  wave  cutting  will  be  rare.  The  evidences  of 
standing  water  should  be  looked  for  somewhat  above  the  1300 
contour  at  the  north  edge  of  the  quadrangle,  and  somewhat  below 
:his  contour  at  the  middle  of  the  sheet. 

Differential  uplift.  The  reader  should  not  forget  that  the  map 
contours  do  not  show  the  precise  altitude  of  the  region  at  the  time 
>f  the  ice  retreat,  as  since  that  time  there  has  been  a  northward 
uplift  or  tilting  of  the  earth's  surface  over  all  the  area  of  the 
Lanrentian  basin.    The  amount  of  tilting  in  this  region  is  not 


rll8  NEW   YORK   STATE   MUSEUM 

yet  determined,  but  it  is  probably  two  or  three  feet  to  the  mile 
and  possibly  more.  Consequently  today  the  plane  of  the  ancient 
lake  surface  ifi  not  level,  but  rises  to  the  northward.  That  plane 
was  determined  by  the  Fabius  outlet.  If  the  bottom  of  that  chan- 
nel be  taken  as  1280  feet,  and  if  we  assume  the  depth  of  wata* 
over  the  intake  as  20  feet,  we  will  have  1300  feet  ajs  the  altitude 
of  the  lake  surface  at  that  point.  The  corresponding  plane  at 
Cazenovia  is  now  at  a  higher  level,  perhaps  about  1320  feet, 
depending  on  the  unknown  rate  of  uplift.  At  the  parallel  of  the 
Perryville  outlet  the  plane  would  be  still  higher. 

Variable  elements.  The  student  of  these  phenomena  will  need 
to  be  on  his  guard  against  several  sources  of  error.  In  correlat- 
ing outlet  channels  with  delta  terraces  or  other  static  water 
phenomena,  the  following  points  must  be  kept  in  mind.  1)  Down- 
cutting  of  the  outlets.  The  first  flow  of  water  over  any  of  the 
long-lived  channels  must  have  been  at  a  level  somewhat  higher 
than  the  later  flow,  more  specially  if  the  channel  was  in  d*rift 
or  soft  material.  2)  The  depth  of  water  over  the  wasteweir,  or 
head  of  the  channel,  is  to  be  considered  in  determining  the  hight 
of  the  lake  surface.  3)  The  hight  of  water  surface  was  subject 
to  considerable  variation,  as  in  modem  lakes.  This  variation 
would  be  greater  in  the  smaller  lakes,  where  the  difference 
between  the  winter  and  summer  melting  of  the  glacier  would  be 
a  larger  proportionate  factor.  4)  The  deltas  usually  have  several 
levels  or  terraces,  caused  partly  by  changes  in  the  lake  level,  but 
specially  by  the  lowering  of  the  water  surface  as  the  lake  was 
slowly  drained  away.  5)  In  the  southern  ends  of  the  valleys 
terraces  may  be  found  to  correlate  with  the  two  or  more  outlets. 
6)  The  relation  of  the  delta  plain  to  the  water  surface  varies 
somewhat  according  to  the  coarseness  of  the  detritus  and  the 
rapidity  of  its  deposition.  The  head  of  the  delta  should  be  a 
few  feet  above  the  water  level,  and  the  point  or  front  under  the 
same  level.  7)  Failure  to  find  expected'  phenomena  does  not 
always  prove  their  nonexistence.  And  the  positive  nonexistence 
of  features  which  are  theoretically  expected  does  not  necessarily 
prove  the  absence  of  the  agency.    Shore  phenomena^  in  particu'lar, 
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^re  liable  to  be  weak  or  even  wanting  where  we  know  that  deep 
waters  stood  for  ages.  8)  Allowance  must  be  made  for  the 
erosion  or  weathering,  since  the  producing  agencies  were 
withdrawn. 

High  channels  leading  east  toward  the  Mohawk 

Origin  and  location.  During  the  life  of  the  local  glacial  lakes 
-described  in  the  preceding  pages  the  Mohawk  valley  was  cleared  of 
the  glacier,  at  least  suflQciently  to  permit  free  drainage  to  the  sea, 
and  these  local  valley  lakes  were  at  liberty  to  overflow  east  instead 
of  south  as  soon  as  the  passes  across  the  ridges  were  opened.  Such 
-eastward  flow  was  eventually  certain,  but  it  did  not  occur  till  the 
receding  ice  front  had  uncovered  the  north  ends  of  the  intervalley 
ridges,  as  the  latter  are  higher  than  the  cols  at  the  southern  ends 
of  the  valleys.  j     4 

At  the  north  point,  or  brow,  of  each  great  ridge  we  find  a  series 
of  terraces  and  channels  cut  into  the  rock  by  the  swift  flow  oif 
escaping  waters.  There  are  six  groups  of  these  high  channels, 
and  they  will  be  considered  in  order  from  west  to  east.  The 
reader  should  have  before  him  the  following  four  sheets  of  the 
topographic  map,  Syracuse,  Tully,  Chittenango,  Oneida. 

Ist  group.  The  most  westerly  group  of  high  channels  lies  at 
the  north  end  of  the  ridge  which  forms  the  east  side  of  the  Onon- 
daga valley,  4  miles  southeast  of  Syracuse  and  close  to  Jamesville. 
They  have  already  been  described,^  and  can  be  located  by  the  con- 
touring on  the  bottom  edge  of  the  Syracuse  and  the  top  edge  of 
the  Tully  sheets. 

2d  group.  This  group  lies  between  Jamesville  and  Manlius  vil- 
lages, on  the  slope  of  the  ridge  between  Butternut  and  Limestone 
creeks.  The  channels  may  be  located  on  the  same  topographic 
sheets  as  group  1,  and  they  have  also  been  described  in  a  general 
way.     (References  asi  above) 

Sd  group.     The  channels  of  this  group  lie  on  the  north  slope  of 
Eagle  Mil,  between  Limestone  and  Chittenango  creeks,  and  south- 
east of  Chittenango  village.    They  are  located  on  the  lower  edge 


*  Geol.  soc.  Am.  Bui.  10:54,  60-61,  pi.  3,  7-9. 
Am.  Jour.  sci.  7:251,  262,  pi,  6. 
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of  the  Chittenango  sheet,  but  are  not  well  indicated  by  the  con^ 
toups.  They  have  not  been  described,  but  will  be  briefly  described 
in  the  following  pages,  along  with  the  later  groups  of  channels. 

4th  group.  This  group  of  channels  lied  on  the  noi*th-facing  slope 
north  of  the  village  of  Perryville,  and  along  the  north  and  north- 
east slope  of  Cranson  hill,  between  Chittenango  and  Cowaseloa 
creeks.  They  form  a  series  of  interrupted  ecourwiays  at  differ- 
ent levels,  and  are  only  suggested  by  the  contours  on  the  adjoin- 
ing lower  corners  of  the  Chittenango  and  Oneida  sheets. 

5th  group.  These  strong  channels  are  3  miles  south  of  Oneida 
village  on  the  crest  and  north  slope  of  West  Stockbridge  hill, 
between  Cowaselon  and  Oneida  creeks.  They  are  fairly  well 
indicated  on  the  lower  part  of  the  Oneida  sheet. 

6th  group.  This  very  compact  group  of  strong  channels  lies  on 
the  north  brow  of  Eaton  hill,  between  Oneida  and  Sconondoa 
creeks,  6  miles  southeast  of  Oneida  and  3  miles  south  of  Vernon. 
This  is  probably  the  most  easterly  group  of  high  channels,  judging 
from  the  topography.  However,  the  territory  lying  between  here 
and!  the  Mohawk  valley  remains  to  be  studied. 

Eange  in  vertical  distance.  In  each  group  the  channels  cover 
a  vertical  distance  of  several  hundred  feet.  The  highest  cutting 
leading  east  must  lie  under  the  true  plane  of  the  lowest  outlet  to 
southern  flow.  The  original  difference  of  level  may,  in  some 
cases,  have  been  very  small,  and  with  the  subsequent  tilting  of 
the  land  it  is  possible  that  the  later,  east-leading  channel  might 
no,w  be  even  somewhat  higher  than  the  earlier  one  at  the  head 
of  the  valley.  The  correlation  of  these  east-leading  channels  with 
the  cols  and  south-leading  channels  on  the  divide  is  a  subject  for 
future  study. 

In  the  Eagle  hill  group  the  highest  water  course  is  over  1100 
feet  above  tide,  and  the  lower  ones  about  800  feet,  all  lying 
within  a  horizontal  distance  of  1  mile.  The  Oranson  hill  group 
ranges  from  1200  down  to  800  feet  in  1^  miles.  The  West  Stock- 
bridge  hill  group  has  a  greater  range,  from  1300  down  to  700  feet 
in  something  over  a  mile.  The  Eaton  hill  group  ranges  frona 
1200  down  to  800  feet  in  less  than  a  mile. 
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Porm  and  character  of  the  channels.  The  character  of  the 
channels  depends  on  several  conditionfi,  of  which  three  may  be 
noted^  namely:  1)  the  nature  of  the  rock,  2)  the  relation  of  the 
ice  front  to  the  topography,  and  3)  the  relation  in  altitude  of  the 
«tream  to  the  receiving  land  surface  or  water  body.  These  three 
elements  will  be  discussed  in  order. 

1  The  higher  channels  in  each  of  these  groups  are  mainly  in  the 
Helderberg  and  Corniferous  limestones,  while  the  lower  channels 
are  in  the  Salina  shales.  The  highest  scourways  of  the  Eagle 
liill  and  Cranson  hill  groups  are  in  Hamilton  shale.  This  differ- 
•ence  in  the  rook  causes  great  difference  in  the  form  and  size  of 
the  channels.  Those  in  the  limestone  are  often  shallow,  or  only 
"broad  scourways.  If  deep,  they  usually  have  steep  or  even  verti- 
cal walls,  with  cascades  and  cataracts  if  the  underlying  shale  is 
reached.  Those  in  the  shalee  are  relatively  deep,  but  the  walls 
are  more  sloping  and  smoother.  The  rapid  weathering  of  the 
shale  has  cut  back  the  walls  and  partially  filled  the  channel 
bottoms,  so  as  to  give  them  a  V  shape,  which  they  did  not  have 
c^iginally.  The  limestone  channels,  on  the  other  hand,  are  prac- 
tically as  the  rivers  left  them,  being  stretches  of  bare  rock,  greatly 
dissolved  along  the  joints  and  fissures.  This  solution  of  the  lime- 
stone has  often  given  to  the  scourways  the  appearance  of  a  field 
of  boulders  (pi.  22-24). 

2  A  peculiar  and  interesting  feature  of  these  channels  is  the 
absence  in  many  eases  of  the  north  bank.  Those  on  steep  slopes 
are  sometimes  only  shelves  or  terraces  cut  into  the  escarpment 
In  such  cases  the  north  wall  is  in  the  air^  as  it  was  constituted  by 
the  ice  which  has  disappeared.  For  a  long  time,  centuries  at 
least,  and  possibly  for  thousands  of  years^  the  waning  ice  sheet  of 
the  Ontario  basin  pressed  against  the  escarpment  or  steep  slope 
which  formed  the  southern  side  of  the  basin.  The  waters  which 
were  held  in  the  valleys  and  were  escaping  eastward  from  one 
lake  to  another  were  often  compelled  to  squeeze  through  between 
the  rock  wall  on  one  side  and  the  ice  wall  on  the  other.  The 
north  ends  of  the  high  ridges  are  in  consequence  of  this  relation- 
ship cut  into  a  series  of  steps  or  shelves.    In  the  case  of  the  West 
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Stockbridge  and  Eaton  hills  the  notches  are  conspicuous  profile- 
features  even  at  great  distances.  When  the  streams  were  con- 
fined in  rock  walls,  they  intrenched  themselves  in  the  rock  and 
sometimes  cut  ravines  of  large  dimensions  (see  p.  123,  124). 

3  It  will  be  understood  that  the  cutting  of  a  ravine  or  the  exist- 
ence of  cascades  and  cataracts  implies  that  the  lake  or  land  which 
received  the  overflow  must  have  had  a  level  below  that  of  the 
tributary  lake  or  stream  by  at  least  as  much  as  the  amount  of 
fall.  We  shall  make  use  of  this  principle  later,  in  our  study  of 
the  order  of  retreat  of  the  ice  front  and  of  the  time  relation  of 

the  channels. 

Lower  and  later  channels 

The  lower  channels  of  the  first  three  groups  were  not  cut  by  the 
drainage  of  local  waters,  but  by  overfiow  of  the  great  lake  Warren 
and  the  hypo-Warren  waters.  All  the  channels  of  the  fourth,, 
fifth  and  sixth  groups  were  cut  by  local  waters.  However,  north 
of  these  groups,  on  the  lower  ground,  there  are  channels  which 
were  made  by  the  hypo- Warren  (better  called  hyper-Iroquois) 
waters.  These  lower  channels  lie  north  of  Chittenango,  at  and 
south  of  Canastota,  through  Oneida,  and  toward  Rome.  The  New 
York  Central  railroad  follows  here  the  smooth  level  stretches 
swept  by  the  great  rivers  that  preceded  the  beginning  of  Lake 
Iroquois.  These  later  channels  are  outlinedi  only  by  their  south 
banks,  as  the  rivers  flowed  along  the  ice  margin  which  consti- 
tuted their  north  bank.  The  stream-cut  cliffs  which  formed  the 
broken  south  banks  of  the  rivers,  may  be  seen  from  the  New  York 
Central  and  the  West  Shore  railroads.  These  latest  channels 
will  be  the  subject  of  future  study. 

Bavines  and  cataracts 
Some  of  the  deeper  channels  in  the  limestone  are  of  such  form 
and  depth  that  they  might  be  called  canyons.  Some  of  them  are 
headed  by  vertical  cataract  cliffs,  the  plunge  basins  of  which  in 
several  cases  now  hold  lakes  (pi.  25-35).  The  largest  of  these 
gorges  were  cut  by  the  hypo-Warren  waters,  and  with  their  cata- 
ract phenomena  were  in  a  true  sense  the  predecessors  of  Niagara 
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{see  p.  126).    They  have  been  briefly  described,  mapped  and  illus- 
trated in  former  writings  {see  p.  105  for  references). 

Among  the  channels  described  for  the  first  time  in  this  paper 
are  several  of  ravine  character  headed  by  cataract  cliffs.  A  very 
interesting  ravine  headis  3  miles  east  of  Jamesville  and  abonit  2 
milefi  southwest  of  Manlius,  with  a  cataract  cliff  about  125  feet 
high  and  an  amphitheater  about  50  rods  across.  The  bottom  of 
the  ravine  is  a  smooth  meadow  with  two  levels.  The  upper  level 
is  about  i  mile  long,  the  surface  being  a  perfectly  smooth  floor 
of  fine  detritus.  The  lower  end  of  this  meadow  drops  off  abruptly 
20  feet  to  another  meadow,  about  20  rods  wide  and  i  mile  long, 
opening  to  the  valley  of  Limestone  creek,  about  a  mile  from  Man- 
lius village.  This  ravine  is  indicated  by  the  contours  on  the 
upper  adjacent  comers  of  the  TuUy  and  Cazenovia  sheets.  The 
walls  are  nearly  vertical  and  in  limestone.  The  manner  in  which 
the  channel  was  filled  so  as  to  produce  the  >smooth  meadows  has 
not  been  investigated,  but  the  pile  of  rock  rubbish  which  forms 
the  step  from  the  lower  meadow  to  the  upper  meadow  suggests 
a  damming  at  that  point,  and  a  filled  lake  above  it.  This  gorge 
was  probaibly  cut  by  the  hypo- Warren  waters,  as  the  altitude  at 
the  crest  of  the  fall  is  under  800  feet,  and  the  mouth  of  the  chan- 
nel is  under  600  feet.    We  will  name  this  the  Manlius  gorge. 

North  of  the  Manlius  gorge  and  west  of  the  village,  the  east- 
facing  escarpment  is  tremendously  cut  and  gullied  by  the  floods. 
Evergreen  lake  (p.  127)  lies  in  a  plunge  basin  excavated  by  these 
waters,  and  a  dry  basin  lies  a  quarter  of  a  mile  south  of  Ever- 
green lake.  Farther  north  is  the  large  High  Bridge,  or  White 
lake,  channel,  which  has  been  described  in  former  writings. 

The  north  face  of  Eagle  hill  is  all  stream-swept,  from  1100  feet 
down,  while  the  eastern  slope  is  trenched  with  ravines  (pL 
28-30).  Two  notable  gorges  occur  along  the  north  side  of  the 
road  leading  east  to  Chittenango  village.  The  larger  of  these  is 
about  1  mile  from  the  village,  and  near  the  junction  of  a  road 
from  the  south  (pi.  30).  A  large  ravine  with  cataract  head 
occurs  northwest  of  Eagle  hill,  described  in  earlier  writings  as 
the  Mycenae  channel  (pi.  25,  26).  This  belongs  with  the  lower 
or  Warren  series. 
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The  highest  of  the  Cranson  hill  channels  Iie«s  so  far  southwest 
of  the  main  series  as  to  belong  to  a  distinct  set.  It  is  the  first 
eastward  outlet  of  the  glacial  waters  in  the  Limestone  and 
Cazenovia  valleys,  and  has  been  referred  to  above  (p.  116).  It 
lies  i  mile  southwest  of  the  village  of  Perryville,  but  has  been 
overlooked  by  the  topographers  and  is  not  indicated  by  the  con- 
tours. It  makes,  however,  a  distinct  notch  in  the  ridge  and  at 
its  mouth  is  a  eonispicuous  delta,  near  the  village.  The  channel 
is  in  shale  about  ^  mile  long,  100  feet  deep  and  175  to  200  feet 
wide  at  bottom.  The  delta  is  80  to  100  feet  high,  with  abrupt 
face  toward  the  village;  it  covers  several  acres,  with  two  levels. 
West  of  north  of  this  channel  are  other  scourways,  at  intervals 
down  to  perhaps  900  feet.  These  channels  are  cut  across  a 
minor  ridge  lying  between  Eagle  and  Cranson  hills  and  were 
formed  at  the  front  of  a  lobe  of  the  glacier  which  extended 
southward  up  the  Chittenango  valley. 

The  channels  of  the  Cranson  hill  series  begin  about  a  mile  north 
of  Perryville,  at  an  altitude  of  1250  feet,  and  form  a  remarkable 
succession  of  shelves  and  trenches  in  the  limestone.  The  highest 
and  earliest  channel  lies  }  of  a  mile  northeast  of  Perryville.  This 
outlet  determined  the  water  level  of  the  Perryville  lake  in  which 
the  delta  was  built.  It  is  a  winding  cut  in  Hamilton  shale  about 
50  feet  deep,  100  feet  wide  at  bottom,  and  i  mile  long.  Its  gen- 
eral course  is  northeast.  The  lowest  and  longest  channel  is 
down  in  the  shale,  and  forms  the  east  and  west  valley  through 
which  the  Lehigh  Valley  railroad  runs.  To  the  east,  southwest 
of  Clockville,  these  channels  make  steep  plunges,  but  no  pro- 
nounced ravines  have  been  seen. 

On  West  Stocbbridge  hill  the  higher  cutting  is  mostly  in  great 
shelves,  but  lower  trenches  are  in  shale,  the  lowest  one,  holding 
the  Oneida  reservoir,  being  the  largest.  The  map  contours 
(Oneida  sheet)  indicate  the  channeling.  The  Salina  strata  are 
found  here  at  a  higher  altitude  than  westward  and.  are  reached 
by  the  streams  at  900  to  1000  feet. 

On  Eaton  hill  only  the  two  upper  channels  are  in  limestone. 
The  highest  has  a  plunge  basin,  judging  by  the  map  (Oneida 
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-sheet)  with  a  small  ravine  running  southeast  down  the  east  slope. 
The  next  channel  ended  on  the  northea^tt  slope  in  two  short  gorges 
-flide  by  «ide.  The  lower  channels  are  in  shale.  The  contouring 
is  fldrly  indicative  of  the  channels. 

Deltas 

Oonaidering  the  large  amount  of  excavating  done  by  the  swift^ 

plunging  streams,  the  delta  deposits  are  few,  practically  none  for 

the  higher  ciiannels.    The  reasons  which  occur  to  the  writer  f<Nr 

thia  lack  of  delta  deposits  with  the  higher  channels  are,  1)  the 

4dMience  of  quartzose  rocks  to  furnish  undecomposable  material,  2) 

the  Mlnble  or  decomposable  character  of  the  involved'  strata 

•(flhaleft  and  limestone)  and  3)  the  steep,  high  slopes  preventing 

local  eecnmulation.    The  debris  was  carried  down  to  fill  the  val- 

feyi^  where  it  was  worked  over  by  the  present  streams^  and  has 

1)een  widely  spread  along  the  border  of  the  lowland  north  of  the 

Tidgeik    This  material  came  largely  within  the  reach  of  the 

waten  of  Lake  Iroquois,  and  now  constitutes  the  leveled  filling 

of  the  plain  between  Syracuse  and  Oneida,  traversed  by  the  lines 

<of  railway. 

The  most  notable  delta  associated  with  the  higher  channels  is 
the  one  above  mentioned  at  Perryville,  \  mile  southwest  of  the 
Tillage,  at  about  1200  feet  altitude  by  the  map  («ee  p.  124).  It  is 
not  a  laige  delta  but  conspicuous,  seen  from  the  north,  and  is  sig- 
niflcant  as  marking  a  local  water  level,  and  thus  helping  to 
•unravel  the  history  of  the  glacial  waters.  A  broad  delta  lies  at 
the  north  foot  of  Eaton  hill,  with  a  hight  of  900  to  920  feet,  by 
the  map  (pi.  36). 

The  largest  delta  seen  by  the  writer  in  the  district  lies  south 
4>f  Oneida  village,  beginning  about  1  mile  south  of  the  village  and 
stretching  southeast  for  2  miles  toward  Kenwood  (Oneida  com- 
annnity).  The  remnants  of  the  delta  cover  i>erhaps  2  square  miles. 
The  New  York,  Ontario  and  Wiesitern  railroad  runs  along  the 
luxrtheast  foot  of  the  delta  all  the  way  from  Oneida  Castle  to 
Kenwood.  The  summit  of  the  eroded  plateau,  as  given  by  the 
map,  is  640  feet.    This  delta  is  the  accumulated  debris  from  the 
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three. lower  channels  of  the  group  on  the  north  slope  of  West 
Stockbridge  hill,  all  of  which  are  in  Salina  shale.  Being  com- 
posed of  shale  debris,  the  delta  has  weathered  into  erosion 
forms,  and  from  the  north  looks  like  a  moraine,  but  seen  from 
the  proper  hight,  specially  from  the  south,  its  plateau  character 
is  conspicuous  (pi.  37). 

At  High  Bridge,  south  of  Fajetteville,  is  a  broad  delta  rem- 
nant of  coarse  gravel,  with  map  altitude  of  600  feet.  This  is  a 
portion  of  the  deposit  left  by  the  river  that  excavated  the  White 

lake  gorge. 

Cataract  lakes 

Origin.  The  peculiar  lakes  in  the  region  southeast  of  Syracuse 
have  been  a  subject  of  comment  and  speculation  for  over  half  a 
century.  These  lakes  are  notable  for  their  location,  being  in 
amphitheaters  with  very  steep  or  even  vertical  walls  of  lime- 
stone; for  their  considerable  depth  as  compared  with  their  area; 
and  for  the  cleaxmess  and  color  of  the  water,  which  has  caused 
multiplication  of  the  name,  Green  lake.  Many  more  or  les» 
reasonable  and  unreasonable  explanations  of  the  origin  of  these 
lakes  have  been  given:  that  the  basins  were  of  volcanic  origin  or 
craters;  that  they  were  produced  by  sinking  of  the  strata,  due 
perhaps  to  solution  of  the  limestone  or  of  the  underlying  salt 
beds;  and  that  they  wiere  the  result  of  surface  solution  of  the 
rocks. 

The  true  explanation  of  the  genesis  of  these  lakes  is  now  per- 
fectly clear.  They  occupy  cataract  or  plunge  basins,  similar  to 
that  which  would  exist  at  the  foot  of  Niagara  falls  if  the  Niagara 
river  were  to  be  withdrawn.  Indeed,  the  cataracts  which  exca- 
vated the  Syracuse  basins  were  actually  the  predecessors  of 
Niagara,  as  they  were  produced  by  the  falling  of  the  waters  of 
the  Erie-Huron  basin  from  the  Erian  level  down  to  the  Ontarian 
(at  that  time  the  Iroquois)  level.  The  lakes  all  lie  in  the  heads 
of  channels  cut  by  the  sub-Warren  waters. 

No  lakes  have  been  found  in  the  plunge  basins  of  the  higher 
channels,  though  the  dry  basins  exist,  probably  because  they  have 
limestone  foundations.  The  basins  holding  lakes  seem  to  be  either 
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on  Salina  shale  or  near  enough  to  the  shale  to  have  impervious 
bottoms.  As  m>  description  of  theee  has  been  published,  giving 
a  true  account  of  their  origin,  a  brief  description  will  be  included 
here.  The  lakes  are  located  on  the  adjoining  comers  of  the  Syra- 
cuse, Tully  and  Chittenango  sheets. 

Tamesville  lake.  This  lake  is  situated  over  a  mile  west  of 
Jameeville,  in  a  cataract  basin  160  feet  deep  to  the  water  and 
about  400  feet  across.  The  depth  of  the  lake  is  given  as  60  feet* 
PI.  31,  32  are  two  photographs  of  the  lake  and  basin.  The  lake 
was  formerly  called  Green  lake,  but  was  recently  renamed  James- 
yille  lake  by  Prof.  E.  C.  Quereau.^  The  altitude  of  the  lake  sur- 
face is  about  GOO  feet. 

Bine  lake  (pi.  33).  This  beautiful  lake  is  across  the  valley  from 
Jamesville,  li  miles  to  the  northeast.  It  is  almost  a  duplicate  of 
the  Jamesville  lake,  but  somewhat  larger  in  all  dimensions.  By 
eye  estimate  the  basin  is  over  1000  feet  across,  the  nearly  vertical 
walls  being  nearly  200  feet  high.  The  lake  is  some  500  to  600 
feet  in  diameter,  with  the  depth  unknown.  The  map  elevation  is 
about  580  feet.  The  gorge  in  which  this  lake  lies  opeim  directly 
north  i  mile  into  the  White  lake  gorge.  The  lake  has  under- 
ground outlet  through  a  barrier  ridge  of  coarse  material  which 
rises  some  10  or  15  feet  above  the  lake.  This  lake  was  also 
locally  called  Green  lake,  but  it  is  proposed  by  the  writer  to  name 
it  Blue  lake,  which  is  equally  appropriate,  and  will  prevent  dnpli- 
cation  of  names,  since  the  name  Green  lake  is  held  for  another 
lake  of  the  vicinity  {see  p.  128). 

White  lake.  At  the  junction  of  the  Blue  lake  gorge  with  the 
gorge  leading  east  to  High  Bridge  is  a  lake  locally  called  White 
lake.  It  is  larger  than  those  already  mentioned,  and  is  said  to 
be  siballow  with  low  shores.  Its  location  at  the  junction  of  the 
two  gorges  suggests  that  its  genesis  is  the  same  as  of  the  other 
lakes.    The  map  elevation  is  between  540  and  560  feet. 

Evergreen  lake  (pi.  34).    This  lake  lies  f  mile  south  of  High 

Bridge,  and  close  to  the  west  side  of  the  road.    It  is  of  irregular 

— 

*  Topography  and  history  of  Jamesville  lake,  N.  Y.  Geol.  soc.  Am.  BuL 
9:17a. 


arl28  new  york  statb  museum 

U  shape,  inclosing  a  peninsula  that  is  nearly  an  island.  It  is  said 
to  be  mostly  shallow,  and  the  deepest  place  50  feet.  At  first 
«ight  its  genesis  is  not  evident.  The  walls  are  stony  rubbish, 
.and  no  rock  was  seen  in  place.  It  might  not  uureasonably  be 
regarded  as  a  solution  sink,  or  m  a  morainal  kettle,  i  mile  south 
occurs  a  dry  basin,  also  shown  on  the  Syracuse  sheet,  which  lies 
evidently  in  the  course  of  a  plunging  stream.  This  directs  atten- 
tion to  the  fact  that  all  the  east-facing  slope  of  the  hill  has  been 
-scarred  and  gouged  by  immense  floods  of  water  pouring  over  the 
cliffs.  All  the  features  of  this  slope  are  either  the  work  of  the 
plunging  waters  or  of  some  subsequent  action,  since  the  floods 
must  have  obliterated  all  earlier  features.  If  these  basins  were 
produced  by  solution  of  underlying  salt  beds  or  other  strata  and 
-sinkin-g  of  the  surface,  the  walls  should  be  of  rock,  and  their  form 
should  be  quite  different.  No  other  suggestion  of  their  origin  is 
presented.  It  seems  to  the  writer  that  Evergreen  lake  certainly 
lias  the  same  origin  as  the  other  cataract  lakes.  Its  elevation  is 
under  620  feet  by  the  map. 

Round  and  Green  lakes  (pi.  35).  These  two  lakes,  which  may 
"be  considered  together,  lie  3  miles  northeast  of  Fayetteville,  and 
close  to  the  Erie  canal,  south  of  Kirkville.  Their  origin  is  not 
«o  certain  as  that  of  the  lakes  above  described,  but  the  writer  is 
•confident  that  it  is  the  same.  The  two  lakes,  with  their  sur- 
rounding toi)ography,  are  shown  on  the  Chittenango  sheet.  They 
lie  near  together,  at  nearly  the  same  level,  being  separated  by  a 
•«wamp.  The  elevation  of  the  lower,  or  Green  lake,  is  given  by 
the  map  as  418  feet.  Their  waters  are  very  sulfurous,  and  the 
low  shores  are  largely  a  calcareous  deposit.  The  lakes  may 
originally  have  been  one,  and  divided  by  the  accumulation  of 
vegetal  and  calcareous  matter  over  a  shallow  place.  The  depth 
•of  both  lakes  is  stated  by  J.  H.  T.  E.  Burr  of  CJazenovia,  who  has 
made  several  careful  soundings  of  each  lake,  to  be  165  feet. 

The  rocks  in  which  these  lakes  lie  is  soft  Salina  shale,  which 
inay  account  for  the  sloping  walls  of  the  basins,  and  the  absence 
of  a  steep  or  cataract  head  above  the  upper  lake.  Leading  to  the 
lakes  from  the  southwest  is  a  fine  river  channel  excavated  in  the 
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Imtder  sbate^  which  heads  in  a  emooth,  swampy  col  1  mile  north- 
eUBt  ot  Fayetteville.  The  flat  bottom  of  the  channel  is  from  20 
to  30  Todfl  wide,  the  breadth  on  an  upper  or  flood  plain  level,  a  few 
feet  Mgher,  i»  some  40  rods.  Nearing  Bound  lake,  the  channel 
bottom  becomes  V  shaped,  and  falls  abont  120  feet  to  the  lake- 
level. 

These  lakes  certainly  lie  in  the  course  of  an  ancient  river 
dhannel.  The  argument  for  their  origin  is  the  same  ad  that 
applied  above  to  the  case  of  the  Evergreen  lake.  If  the  streaoni 
did  not  produce  them,  then  it  could  have  been  only  some  subse- 
qnent  agency.  Solution  and  subsidence  afford  the  readiest  sug- 
gestion. A  serious  fact  against  this  last  suggestion  m  that  the- 
depth  of  the  lakes  is  too  great  to  be  caused  by  solution  of  all  the 
thickness  of  salt  ever  held  in  the  underlying  strata.  We  must 
Tegard  the  basins  of  Bound  and  Green  lakes  as  a  type  of  cataract 
basin  in  soft  shale,  while  those  of  Jamesville  and  Blue  lakes- 
represent  the  type  in  limestone. 

The  ice  front 

Position  and  form.  As  the  stream  channels  cutting  across  the- 
north  ends  of  the  ridges  were  held  there  by  the  frontal  edge  of 
the  glacier^  the  attitude,  form  and  relationship  of  the  channels^ 
give  us  some  knowledge  of  the  iK)sition  of  the  ice  front  at  the- 
time  the  channels  were  cut,  and  of  its  order  of  recession. 

The  well  known  habit  of  the  glacier  to  follow  the  valleys  or  to^ 
pa«rh  farther  up  the  low  ground  is  shown  by  the  curving  formi  of 
the  chaiinels.  The  higher  channels  on  Eagle,  West  Stockbridge 
and  Eaton  hills  show  a  decided  curvature  around  the  ends  of  the 
ridges  (pi.  16).  As  these  channels  either  laved  the  glacier  front 
or  were  very  close  to  it,  the  fact  is  evident  that  the  ice  had 
reentrant  angles  at  the  ridges  with  projecting  lobes  in  the 
valleys. 

Order  of  recession.  The  channels  were  certainly  cut  by  east- 
flowing  waters.  It  is  evident,  therefore,  that  the  receiving  water 
at  the  east  of  any  particular  channel  must  have  been  lower  than 
the  mouth  of  the  effective  channel.  The  falling  of  the  dammed 
waters  was  consequently  frcwn  the  east  toward  the  west.  This 
meaAB  that  the  ice  front  receded  or  backed  away  from  the  escarp- 
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ment  earlier  on  the  east  and  successively  westward;  in  other 
words,  the  ice  front  inclined  to  the  escarpment,  with  an  open 
angle  toward  the  east.  This  agrees  also  with  the  known  move- 
ment or  flow  of  the  ice  body  from  the  northwest  in  its  last  stages 
in  this  region,  the  front  of  the  glacier  being  at  right  angles  to 
the  direction  of  flow. 

Relative  age  of  the  channels 
The  eastern  channels  are  older  than  the  western,  and  prob- 
ably in  regular  succession  westward.  It  does  not  follow  how- 
<?ver  that  all  the  channels  of  a  group,  both  higher  and  lower, 
were  cut  before  even  the  highest  of  the  next  group  on  the  west. 
Such  may  have  been  the  case  with  the  Eaton  hill  channels,  as 
they  lie  south  of  the  parallel  of  the  next  westward  group,  on 
West  Stockbridge  hill.  The  latter  group  and  the  Cranson  hill 
^roup  were  probably  cut  more  nearly  together,  since  they  all 
trend  north  of  east,  and  the  Cranson  hill  channels  show  rela- 
tively less  effect  of  plunging.  The  latter  two  groups  were 
largely  completed  before  the  Eagle  hill  group,  as  these  latter 
have  gorges  and  cateracts  which  indicate  low  water  on  the  east. 
A  similar  statement  applies  to  the  groups  of  large  channels 
southeast  of  Syracuse,  or  west  and  east  of  Jamesville,  for  they 
.belong  to  the  sub-Warren  drainage  of  later  time,  though  they  lie 
farther  south  than  the  Eagle  hill  group. 

3  CATTARAUGUS-CHAUTAUQUA  DISTRICT 

Field  of  special  study 

The  work  in  this  large  district  during  the  summer  of  1^00  was 
largely  in  the  nature  of  a  careful  reconnaissance,  but  some  of  the 
resTilte  of  the  study  are  suflSciently  complete  to  allow  present 
publication.^ 

The  particular  field  of  study  was  a  belt  along  the  divide  between 
the  waters  flowing  to  the  Ohio  river  and  those  flowing  to  Lake 


^  In  the  study  of  this  region  the  writer  was  generously  assisted  by  his 
friend  and  college  mate,  B.  W.  Law,  who  has  his  summer  house  at  Collins, 
near  Gowanda,  and  is  intelligently  interested  in  the  Pleistocene  geology 
of  the  Cattaraugus  district. 


RBPOBT  OF  THE  DIBBOTOB  AND  STATB  GBOLOGIST  1900      rl31 

"Erie,  extending  from  Oowanda,  Chautauqua  co.,  southwest  to 
t)eyond  Chautauqua  lake,  a  distance  in  direct  line  of  about  35 
miles.  The  line  of  water  parting  was  examined  throughout  most 
■of  its  length  from  Periysburg,  southwest  of  Gowanda,  to  a  i>oint 
S  miles  west  of  Mayville,  with  epecial  reference  to  the  channels 
•of  overflow  of  the  glacial  waters.  The  distance  along  the  wind- 
ings of  this  line  is  about  45  miles.^ 

Divide  and  stream  channels 

The  Btretches  of  the  divide  on  the  lower  ground,  nearer  Lake 
Erie,  are  mostly  on  moraine  drift.  A  southward  bend  of  the 
•divide  around  the  head  of  Canadaway  creek  lies  on  high  ground, 
having  only  a  thin  veneer  of  ground  moraine  drift. 

Few  stream  channels  cross  the  divide,  and  none  of  great  cai)ac- 
ity,  as  the  glacial  waters  in  this  region  escaped  southwest  past 
the  ice  front  as  soon  as  the  latter  had  receded  some  distance 
*om  the  divide.  Only  two  summit  swamps  of  any  considerable 
aize  lie  on  the  divide,  one  of  these  being  at  the  head  of  Bear 
Jake,  3i  miles  southeast  of  Brockton,  the  other  at  the  head  of 
the  Little  inlet  of  Chautauqua  lake,  2  miles  north  of  Mayville. 
The  location  of  these  swamips  with  reference  to  the  general  topog- 
raphy forbids  the  idea  that  they  could  long  have  been  the  out- 
let channels  of  large  streams,  though  they  carried  the  local 
waters  of  the  waning  ice  front  for  a  time.  The  map  altitude  of 
l)oth  of  these  swamp  cols  is  between  1320  and  1340  feet. 

4  miles  north  of  Mayville^  at  the  four  comers  by  the  Elm  Flat 
•church  and  schoolhouse,  is  a  short,  open,  clean-cut  channel  acrosB 
the  divide,  15  to  20  rods  in  width.  It  lies  near  the  head  of  the 
Big  inlet  of  Chautauqua  lake,  with  a  map  altitude  of  1340  feet. 
Another  channel  occurs  in  the  town  of  Arkwright,  li  miles  west 
-of  Mud  lake.  It  carried  the  waters  of  the  small  Walnut  creek 
glacial  lake  over  to  the  west  branch  of  the  Conewango  creek- 
The  map  elevation  is  1420  feet. 

*Tlie  topographic  sheets  which  cover  most  of  the  territory  involved  in 
ithis  paper  are  the  Silver  Creek  and  Cherry  Creek,  Dunkirk  and  Westfield. 
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A  larger  and  more  important  ancient  channel  was  discovered: 
east  of  the  district  as  limited'  at  the  beginning  of  this  writings 
It  is  at  Persia  flag  etation  on  the  Erie  railroad,  between  Dayton 
and  Cattaraugus  stations,  and  carried  the  overflow  of  the  glacial 
waters  held  in  the  Cattaraugus  valley  over  to  the  east  branch  of 
the  Conewango.  This  channel  is  an  important  link  in  the  history 
of  the  glacial  waters  of  the  Cattaraugus  valley,  but  will  be 
described  later  in  the  paper  (p.  136). 

The  relationship  of  the  north-sloping  land  surface  to  the  divide 
would  seem  to  require  considerable  flow  of  water  through  two 
others  cols,  one  at  East  Mud  lake,  southeast  of  Forestville,  and 
the  other  at  the  Cassadaga  lakes,  the  head  of  the  creek  of  that 
name.  However,  these  passes  show  no  definite  channels  across^ 
the  water  parting,  though  the  south-leading  channels  certainly 
carried  a  heavy  flood.  This  inconsistency  will  be  discussed  in 
the  next  section. 

Channels  headed  with  uncut  moraine  drift 
The  two  cols  just  mentioned  are  good  examples  of  a  peculiar 
topography  and  relationship  of  features  often  found  in  connectioa 
with  the  valleys  leading  south  from  the  divide  in  central- western 
New  York.  The  accompanying  map  of  the  Oassadaga  lakes  and 
their  surroundings  (pi.  38)  taken  from  the  Dunkirk  sheet,  will 
show  the  features  to  be  here  discussed  and  will  serve  as  an 
example  of  the  type.  The  water  jmrting,  here  indicated  by  the 
heavy,  broken  line,  lies  in  morainal  drift  knolls,  with  only  small^ 
indefinite,  meandering  watercourses  among  the  knolls.  Close  to 
the  water  parting  on  the  south  are  several  shallow  lakes,  in  the 
head  of  a  broad,  well  defined  valley,  which  is  filled  with  detrital 
overwash  from  the  ice  sheet.  It  is  certain  that  the  south-leading 
valley  had  a  flood  of  water  during  the  long  time  that  the  front 
of  the  glacier  lobe  was  slowly  migrating  north  ^up  the  valley,  and 
that  the  deep,  preglacial  valley  was  a  catchment  basin  for  the 
stream  drift,  the  latter  being  of  great  depth.  Below  the  lakes 
the  valley  filling  has  been  leveled  and  smoothed  by  the  stream 
floods.  _  _       ,  ,  ._^,  .<[ 
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In  cases  where  the  head  of  the  valley  is  a  deep  col  which  is  the 
lowest  outlet  southward  of  a  capacious  north-sloping  valley,  it 
u  evident  that  a  considerable  flow  of  water  must  have  passed 
through  the  col  while  the  ice  front  was  damming  the  waters  ia 
the  north  valley.  The  Tully  lakes  col  at  the  head  of  the  Onoa- 
daga  valley  is  a  good  example  of  such  relationship,  and  yet  it  haa 
an  uncut  moraine  divide  like  the  Cassadaga  col  here  mapped.  In 
the  case  of  the  Cassadaga  col  the  volume  of  water  ponded  aorth 
of  the  divide  waa  not  relatively  great,  but  the  lake  was  however . 
of  sufBcient  size  to  require  a  distinct  outlet  channel,  which  is  not 
found. 

Two  features  of  this  map  of  the  Cassadaga  phenomena  do  not 
harmonize  with  the  theoretic  requirement.  One  is  the  absence 
of  a  well  defined  channel  across  the  divide,  and  the  other  is  the 
presence  of  lakes  or  depressions  in  the  head  of  the  valley.  The 
latter  inconsistency  ia  not  difficult  of  explanation.  The  valley 
waa  filled  with  the  drift,  by  the  glacier  and  the  stream,  from  the 
south  toward  the  north,  or  up  stream,  following  the  retreating 
ice  front.  The  lower  stretches  of  the  valley  were  uncovered  by 
the  glacier  and  filled  with  the  drift  sooner  than  the  upper  sec- 
tions. At  the  head  of  the  valley  the  supply  of  drift  or  filling 
material  gave  out  rather  suddenly  as  the  glacier  front  passed  to 
the  north  of  the  divide,  as  a  lake  was  then  formed  which  became 
the  catchment  basin  for  the  glacial  debris.  Thus  the  head  of  the 
valley  did  not  receive  so  much  drift  as  the  lower  sections,  but  it 
would  reasonably  seem  as  if  it  should  have  received  sufficient  tO' 
fill  such  shallow  basins.  And  now  the  question  arises,  what 
agency  produced  ench  basins  in  the  path  of  stream  action?  They 
evidently  are  not  moraine  depressions  or  kettles,  as  they  do  not 
lie  in  moraine  drift,  but  do  lie  in  stream-spread  deposits.  The  ■ 
explanation  of  these  lake  basins  is  that  they  are  ice-block  kettles, 
or  areas  occupied  at  the  time  of  the  stream  work  by  blocks  of 
glacier  ice.  ^\Tien  the  glacier  front  receded  over  the  divide, 
■  masses  of  ice  became  detached  from  the  body  of  the  ice  lobe  and 
>  became  surrounded  or  even  buried  by  the  stream  deposits.  With 
I  the  dtimate  melting  of  the  buried  ice,  the  basins  were  produced. 


f 
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To  one  not  familiar  with  glacial  phenomena  the  above  explana- 
tion may  seem  imaginary  and  farfetched,  but  it  is  undoubtedly 
the  true  one.  Such  depressions,  either  dry  or  containing  lakes, 
are  not  rare  in  the  upper  stretches  of  valley  plains  that  have  been 
occupied  by  glaciers.  In  the  district  of  our  present  study  the 
reader  can  see  by  the  maps  that  several  of  the  valleys  leading 
south  from  the  divide  have  small  lakes,  but  only  near  their  heads. 
Such  lakes,  in  order  from  east  to  west,  are  East  Mud  lake.  Mud 
lake,  Cassadaga  lakes  and  Bear  lake.  Probably  many  small  lakes 
and.  lakelets  which  once  existed  have  been  obliterated  by 
vegetal  growth  or  other  filling. 

The  more  common  occurrence  of  detached  ice-blocks  imme- 
diately south  of  the  divides  was  due  to  the  loss  of  motion  in  the 
edge  of  the  ice  sheet  which  overhung  or  projected  beyond  the 
crest  of  the  divide.  In  other  words,  as  the  direction  of  ice  move- 
ment was  changed  on  the  angle  of  the  divide  from  a  down-slope 
to  an  up-slope,  the  portion  of  the  glacier  on  the  down-slope  was 
left  stagnant,  and  at  the  mercy  of  the  stream  action. 

The  other  inconsistency,  the  absence  of  waterways  across  the 
divide,  is  not  so  readily  explained.  The  fact  of  a  flow  of  water 
across  the  divide  must  be  assumed,  whatever  the  explanation  of 
the  phenomena.  We  need  not  mention  all  the  suggestions  which 
might  be  made,  but  which  a  little  thought  or  investigation  would 
show  improbable  or  Impossible.  For  some  cases  the  explanation 
may  possibly  be  that  the  divide  has  been  shifted  to  the  north 
since  glacial  time.  That  by  the  northward  differential  uplifting 
some  point  which  in  glacial  time  was  lake  bottom,  and  north  of 
the  divide,  has  been  lifted  so  as  to  become  the  present  divide, 
and  that  the  water  parting  of  glacial  time  was  at  some  point 
which  is  now  down  stream  and  under  alluvium  in  the  south-lead- 
ing valley.  The  Dunkirk  sheet  will  show  the  reader  that  from 
the  upper  Cassadaga  lake  down  the  valley  7  miles  there  is  a  fall 
of  only  6  feet,  according  to  the  map.  The  deformation  of  the 
region,  as  shown  by  the  ancient  beaches  in  the  Erie  basin,  is 
between  1  and  2  feet  to  the  mile.  This  is  more  than  the  amount 
of  fall  in  the  Cassadaga  valley  at  the  present  time.     But  thia 
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faint  slope'  of  the  present  valley  bottom  is  probably  due  to  the 
stream  deposition,  which  probably  has  here  far  more  than 
•counteracted,  for  the  valley  slope,  the  degree  of  tilting.  More- 
over, the  position  of  the  lakes  would  seem  to  fix  the  place  of 
the  water  parting  as  having  been  originally  where  it  is  now. 
But  the  posmbility  of  a  changed  position  of  the  water  parting  by 
tilting  of  the  land  surface  should  be  considered  in  other  cases. 

Another  explanation  of  the  lack  of  channels  in  the  divide  drift 
may  be  that  at  the  time  when  some  new  and  lower  outlet  was 
opened  for  the  lake,  and  this  outlet  ceased  to  be  effective,  the 
wasteweir  or  intake  of  the  channel  was  choked  with  berg  ice  and 
frozen  drift,  through  which  or  over  which  the  overflow  passed. 
This  condition  would  not  be  so  likely  to  occur  in  the  case  of  a 
large  lake  which  would  require  a  long  time,  many  years  perhaps, 
for  the  old  outlet  to  be  wholly  abandoned,  even  after  the  new 
one  was  opened.  It  would  seem  as  if  ice-obstructed  channels 
would  be  more  likely  with  smaller  lakes,  like  those  we  are  now 
considering. 

Col«  which  were  water  channels  are  found  along  the  divide  in 

•central-western  Kew  York  showing  every  gradation  from  broad, 

■open  channels,  like  the  Burns  channel  above  Hornellsville,  that 

has  every  character  of  river  work,  to  those  which  look  as  if  even 

XL  brook  had  never  flowed  across.     And  of  the  several  features 

pertaining  to  the  cols  all  combinations  may  be  found,  due  to  their 

relative  development  or  absence.     In  the  district  of  our  present 

study  there  is  a  striking  succession  of  these  peculiar  cols  and 

filled  valleys,  indeed  they  are  the  most  conspicuous  features  on 

the  four  topographic  sheets.      In  order  from  west  to  east,  they 

-are  the  two  inlets  of  Chautauqua  lake,  Bear  lake  outlet,  Cassa- 

daga  creek,  west  and  north  branches  of  Conewango  creek,  and 

Slab  City  creek. 

Glacial  lakes 

Farrington  hollow  lake.      The  finest  abandoned  channel  seen 

by  the  writer  in  the  district  is  one  that  does  not  lie  on  the  divide, 

but  which  occurs  at  the  head  of  a  north-sloping  valley  far  south 

of  the  divide,     Farrington  hollow  [see  the  Cherry  Creek  sheet)  is 
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a  syimnetric  valley  500  feet  deep^  openiiig"  north  into  the  valley 
of  the  west  branch  of  the  Conewango.  The  location  and  altitude 
of  the  valley  are  euch  that  it  held  a  glacial  lake  some  4  miles 
long,  with  the  outlet  at  the  col  about  2^  miles  northwest  of  Cherry 
Creek  village,  Chautauqua  co.  This  channel  is  a  clean,  open  cut 
across  the  col  with  a  swamp  at  the  summit;  a  typical  stream 
channel  (pi.  39). 

Cattaraugus  lake.  The  only  other  glacial  lake  in  the  district 
meriting  particular  attention  at  this  time  is  that  which  occupied 
the  irregular  basin  drained  by  Cattaraugus  oreek.  Some  time 
has  been  spent  in  study  of  the  lake  phenomena,  but  the  complete 
history  has  not  been  translated.  The  main  facts  can  however 
be  presented  now.  (The  topographic  sheets  are  not  published, 
and  the  reader  will  be  obliged  to  use  some  county  or  state 
map.) 

The  main  branch  of  the  Cattaraugus  rises  in  Wyoming  county 
and  flows  westward,  being  joined  above  Gowanda  by  the  south 
branch.  The  later  stages  of  the  ice  sheet  in  this  region^  spread- 
ing fromi  Erie  basin,  blocked  the  stream  and  produced-  a  glacial 
lake  of  very  irregular  shape  in  the  main  valley  and  its  tributaries. 

The  earliest  phases  of  this  lake  were  preceded  by  smaller  local 
lakes  in  the  tributary  creeks  from  the  south,  each  of  which  must 
have  had  its  own  outlet  across  the  divide  to  southern  (Alle- 
ghany) drainage.  Two  at  least  of  these  primary  channels  are 
now  used  by  railroads,  one  at  Machias  and  another  at  West 
Valley.  With  the  farther  recession  of  the  ice  front  toward  the 
northwest,  and  the  blending  of  the  small  primitive  lakes  into 
one  lake,  the  lowest  of  the  several  outlets  must  have  taken  the 
entire  overflow.  This  was  probably  the  Machias  channel,  with 
an  altitude  of  1647  feet,  according  to  the  profile  of  the  Buffalo, 
Rochester  and  Pittsburg  railroad.  With  still  farther  retreat 
of  the  ice  a  lower  channel  was  opened  farther  westward,  at 
Persia  flag  station  on  the  Erie  railroad  between  Dayton  and 
Cattaraugus  stations.  The  altitude  of  this  outlet  is  not  known 
with  precision,  but  it  is  something  over  1300  feet. 
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The  head  or  intake  of  this  channel  is  close  to  the  steep  bank 
of  the  south  branch  of  the  Cattaraugus  creek.  The  water  part- 
ing is  a  swamip,  and  the  channel  bottom  ifi  about  i  mile  wide, 
the  railroad  crossing  it  by  a  low  filling.  The  channel  leads  north- 
west a  half  mile  to  the  railroad,  then  curves  around  sharply  to 
the  southwest  and  opens  into  a  valley  tributary  to  the  east  branch 
of  the  Conewango. 

Water  levels — plateaus  and  terraces.  Sufficient  exploration  of 
the  upper  Cattaraugus  valley  will  probably  reveal  delta  deposits 
or  other  evidences  of  standing  water  at  levels  correlating  with 
the  Machias  and  Persia  outlets.  The  writer  has  so  far  been  able 
to  examine  only  the  water  levels  in  the  neighborhood  of  Gowanda, 
where  they  are  very  conspicuous.  These  terraces  and  plateaus 
will  now  be  described,  after  which  their  relations  will  be 
considered. 

1  The  highest  plane  of  water  action  seen  in  the  region  forms 
a  broken  plateau  southeast  of  the  village,  which  is  conspicuous 
from  some  points.  The  altitude^  (only  a  small  part  of  the 
measurements  being  by  aneroid)  is  about  1012  feet. 

2  Studley  plateau  is  a  high  level  south  of  the  village  and  above 
the  house  of  Mr  Studley,  the  latter  standing  on  the  next  lower 
level.    The  altitude  is  1032  feet. 

3  Broadway  level  forms  a  strong  terrace  south  of  the  village, 
on  which  is  situated  the  street  of  this  name.  It  forms  the  level 
stretch  on  which  stand  the  house  of  Mr  Studley  and  the  gas 
well  derrick.     Its  altitude  is  972  feet. 

4  Asylum  plateau.  This  water-leveled  plateau  and  delta  plain 
hold  the  buildings  of  the  state  insane  asylum,  west  of  Collins 
and  northwest  of  Gowanda.  The  very  tall  water  tank,  which  is 
conspicuous  for  miles  around,  stands  on  the  highest  of  several 
minor  terraces,  the  altitude  being  883  feet.  The  north  edge  of 
the  plateau,  at  Shoos  four  corners,  is  873  feet.    A  lower,  broad 

*  Unless  otherwise  stated,  the  altitudes  were  all  determined  by  instru- 
mental leveling,  with  the  assistance  of  Mr  Law,  the  datum  being  the  ele- 
vations of  the  Buffalo  and  Southwestern  railroad.  By  this  datum  Gowanda 
station  is  773  feet,  Collins  861,  and  Lawton  818. 


rl38  NEW   YORK   STATE   MUSEUM 

terrace  forms  the  state  farm  and  the  plain  on  which  stands 
Collins  village,  its  altitude  varying  from  857  to  852  feet,  A 
etrong  terrace  on  the  valley  side  south  of  Growanda  has  the  same 
altitude  as  the  upper  asylum  level,  or  883  feet.  This  we  have 
called  the  John  Brown  terrace. 

5  Below  or  northwest  of  Gowanda  lies  a  vast  stretch  of  gravel 
plain  locally  known  as  the  "  Four  mile  level."  It  is  mostly 
included  in  the  Cattaraugus  Indian  reservation.  It  seemis  to  be 
composed  wholly  of  water-laid  drift,  the  surface  slowly  declining 
to  the  northwest  or  downstream.  Its  altitude  near  the  ShooB 
four  corners,  at  the  north  end  of  the  asylum  plateau,  is  822  feet, 
but  this  is  near  the  head  of  the  plain.  It  is  confidently  believed 
that  this  great  plain  was  formed  as  the  delta^  probably  sub- 
aqueous, of  the  Cattaraugus  creek  in  the  waters  of  a  great  glacial 
la,ke,  which  has  left  as  the  proofs  of  its  existence  the  heavy 
beaches  lying  either  side  of  the  Cattaraugus  embayment  and 
around  the  Erie  basin,  and  known  as  the  Belmore  beach.  The 
altitude  of  the  Belmore  bars  in  the  vicinity  of  Collins  and  North 
Collins  is  840  to  845  feet.  This  great  plain  of  the  Four  mile 
level  therefore  belongs  with  the  widespread  phenomena  of  the 
supra-Warren  waters,  the  discussion  of  which  will  be  taken  up 
in  a  future  paper.^ 

The  higher  terraces  around  Gowanda,  or  those  aibove  the  Four 
mile  level,  belong  to  the  falling  waters  of  the  Cattaraugus  glacial 
lake.  The  highest  of  these  water  levels,  1210  feet,  is  at  least 
100  feet  below  the  level  of  the  Persia  outlet,  and  consequently 
must  correlate  with  some  lower  and  later  outlet.  Such  escape 
was  probably  to  the  southeast,  past  the  ice  front  and  along  the 
high  ground  facing  northwest.  The  study  of  this  slope  has  not 
been  completed,  but  suflScient  has  already  been  seen  to  give  the 


^  The  Belmore  and  Forest  beaches,  which  lie  parallel  with  the  Erie 
shore,  have  been  partially  traced  in  this  district  by  Frank  Leverett, 
G.  K.  Gilbert  and  Frank  B.  Taylor.  They  are  suggested  by  the  contours 
on  the  topographic  sheets,  the  Forest  beach  being  730  feet  at  Ripley 
(Westfield  sheet),  and  770  feet  at  Brant  (Silver  Creek  sheet).  The  Belmore 
beach  is  about  70  feet  above  the  Forest,  being  800  feet  at  Ripley  and 
840  feet  in  the  Cattaraugus  embayment. 
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writer confldence  that  channelswill  be  found  on  this  slope  to  cor- 
relate with  the  several  levels  in  the  Cattaraugus  basin  lying  in 
altitude  between  the  Persia  and  the  Belmore  levela  Two  such 
chaimehr  can  <be  located  on  the  sheets;  a  rock  gorge  of  consider^ 
able  cHmenslons  occurs  3  miles  eouth  of  Fredonia,  having  a  due 
east  and  weftt  direction^  with  a  map  altitudie  of  1100  feet  for  the 
bottom*  Other  acourways,  with  altitude  toward  1200  feet,  lie 
eairt  of  Predonia.  Northeast  of  Forestville  a  pronounced  channel 
teirace  is  followed  by  the  Erie  railroad. 

Peculiar  forms  of  morainal  drift 
AlodQg  a  stretch  of  the  divide  north  and  northeast  of  Mayville 
the  glacial  drift  aeeumes  peculiar  forms.  For  several  miles  the 
drift  lies  mo(9tly  in  ridges,  some  of  which  are  so  irregular  as  to 
be  quickly  recognized  as  morainal,  but  in  some  areas  they  are 
80  smooth  or  drumlinlike  that  the  origin  is  not  apparent.  They 
can  not  all  be  drumlins  in  such  caees,  as  their  directions  are  often 
in  two  setSj  at  right  angles  to  each  other. 

There  is  a  heavy  moraine  of  typical  and  strong  relief  2  miles 
west  of  Bear  lake.  Westward  and  southweetward  for  some  3 
miles  the  -drift  forms  resemble  drumlin  ridges  quite  as  much  aa 
they  do  moraine.  The  mo«t  peculiar  feature  is  their  attitude, 
being  often  set  at  right  angles  to  each  other.  The  photographs 
which  are  reproduced  in  pi.  40  and  41  were  taken  from  the  same 
position,  one  looking  west  and  one  north,  near  the  three  corners, 
about  6  miles  due  north  of  Mayville.  Decided  ridges  are  crossing 
the  line  of  vision  in  each  of  these  views.  The  morainal  character 
30  more  suggestive  here,  however,  than  in  some  other  places. 

The  smoothness  of  this  drift  can  not  be  due  to  water  action, 
like  moraines  deposited  under  water,  as  this  lies  on  a  high  portion 
of  the  divide.  It  may  be  that  the  two  sets  of  ridges  were  made 
by  the  same  ice  edge  in  recession,  one  set  being  the  subglacial 
drift  rubbed  into  drumlin  form,  while  the  other  set,  at  right 
luigles,  is  the  true  terminal  moraine  accumulation. 
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THE  QUARRY  INDUSTRY  IN  SOUTHEASTERN  NEW 

YORK 

The  following  paper  is  purely  preliminary  in  its  nature,  a 
more  complete  discussion  of  the  subject  being  reserved  for  a 
forthcoming  museum  bulletin  on  the  Granites  and  marbles  of 
New  York  state,  which  is  to  form  one  of  a  series  on  the  build- 
ing stones  of  the  state.  The  area  discussed  in  the  present  paper 
includes  the  counties  of  New  York,  Queens,  Westchester,  Put- 
nam, Dutchess,  Rockland  and  Orange.  A  few  quarries  in  the 
western  half  of  Fairfield  county,  Ct.,  are  also  described. 

The  data  here  presented  have  been  collected  during  the  past 
four  years  field  work  in  the  area  under  consideration.  Descrip- 
tions of  several  of  the  quarries  have  been  furnished  the  writer 
by  Mr  H.  C.  Magnus,  who  spent  some  time  in  1900  on  field  work 
for  the  state  museum  in  central  Westchester  county,  and  by  Mr 
B.  F.  Hill,  who  was  engaged  for  several  field  seasons  on  work  in 
Putnam  county.  The  writer  is  also  indebted  to  ]\Ir  Joseph  Morje 
for  valuable  assistance  in  the  preparation  of  the  material  for 
publication.     Other  acknowledgments  are  made  in  the  course  of 

the  ipaper. 

GEOLOGY  OF  THE  AREA 

The  area  discussed  in  the  present  paper,  though .  relatively 
small,  contains  representatives  of  all  the  geologic  systems  from 
the  pre-Cambrian  to  the  Trias  which  occur  in  New  York  state. 
The  geologic  discussion  here  presented  is  merely  a  summary  of 
those  facts  .of  importance  in  connection  with  the  quarry  in^ 
dustry  of  the  area.  The  areal  distribution  of  the  vari- 
ous formations  is  very  complicated  and  can  hardly  be  ex- 
plained without  reference  to  a  geologic  map  of  fairly  large 
scale.  The  new  edition  of  tlie  geologic  map  of  New  York, 
on  a  scale  of  5  miles  to  the  inch,  will  be  found  service- 
able in  this  connection.  Westchester  and  New  York  coun- 
ties, with  small  parts  of  Rockland,  Orange  and  Putnam, 
are  well  shown  on  the  geologic  map  of  a  part  of  south- 
eastern New  York  by  Dr.  F.  J.  H.  Merrill,  published  in  1895. 
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For  a  detailed  discussion  of  the  geology  of  this  part  of  the  area, 
reference  must  be  made  to  Dr  Merrill's  paper  on  the  "  Crystal- 
line rocks  of  southeastern  New  York,"  published  in  the  50th 
annual  report  of  the  New  York  state  museum.  Reports  on 
Orange  and  Rockland  counties,  by  Dr  Ries  and  Dr  Kummel 
respectively,  have  also  been  issued.  The  Devonian  outlier 
extending  in  Orange  county  from  near  Cornwall  to  Greenwood 
lake,  has  been  discussed  in  detail  by  Mr  N.  H.  Darton. 

The  oldest  formation  in  the  area  is  a  series  of  gneisses  of  pre- 
Cambrian  age,  forming  the  mass  of  the  Highlands.  To  the 
northwest  of  this  range  is  the  great  lowland,  based  on  Cambro- 
Ordovician  limestones  and  shales.  A  structural  basin  lying  on 
the  northwest  flank  of  the  main  body  of  pre-Cambrian  rocks,  but 
separated  from  the  Paleozoic  lowland  in  Orange  county  by  a 
series  of  small  pre-Cambrian  outliers,  contains  Upper  Silurian 
and  Devonian  formations.  East  and  southeast  of  the  pre-Cam- 
brian mass,  on  the  western  side  of  the  Hudson,  is  a  region  in 
which  the  sedimentary  rocks  have  been  highly  metamorphosed, 
the  sandstones,  limestones  and  shales  of  the  normal  Cambro- 
Ordovician  appearing  here  as  quartzites,  highly  crystalline  lime- 
stones, and  schists.  As  a  further  result  of  the  forces  to  which 
they  have  been  subjected  the  strata,  originally  laid  down  in  a 
nearly  horizontal  position,  now  form  a  series  of  folds,  trending 
generally  northeast  and  southwest,  both  Paleozoic  and  pre- 
Cambrian  beds  being  involved  in  these  folds.  South  of  the  pre- 
Cambrian,  to  the  west  of  the  Hudson  river,  these  altered 
Paleozoic  rocks  are  almost  entirely  overlain  by  the  Newark 
rocks,  which  cover  most  of  Rockland  county.  In  addition  to 
the  formations  noted  above,  which  are  parts  of  a  normal  suc- 
cession, igneous  rocks  occur  as  intrusives  of  later  date. 

SUCCESSION  OF  THE    FORMATIONS 

Fre-Gambrian  rocks 

The  pre-Cambrian  rocks  of  southeastern  New  York  consist 
of  a  series  of  gneissoid  granites  and  gneisses,  locally  schistose. 
In  Westchester  county  the  more  massive  (and  in  general  more 
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■  basic)  lower  gneisses  are  overlain  by  a  highly  foliated  gneiss, 

Udescribed  by  Dr  F.  J.  H.  Merrill  as  the  Fordham  gneiss.    This  is  a 

[r  well  banded  blnish  to  gray  gneiss,  consisting  of  alternating  lay-   i 

ers   of   quartz,   orthoclase   (or   nilerocline)    and   mica   (usually 

blot  it e). 

Lithologic  difEerences,  fairly  constant  over  large  areas,  have 
led  to  a  tentative  fourfold  division  of  the  prc-Fordham  gneisses; 
but  the  grouping  depends  on  composition  rather  than  on  super- 
position, and  has  therefore  no  chronologic  significance.  The  i 
names  for  these  subdivisions  have  been  used,  in  manuscript 
only,  by  the  present  writer:  and  the  subdivisions  will  not  be 
discussed  in  the  present  connection. 

Various  authors  have  included  in  the  pre-Cambrian  both  the 
large  area  of  white  lime-stone  of  Susses  county,  N.  J.  and  l 
Orange  county,  N.  Y.  and  smaller  isolated  areas  which  occur  in 
the  Highlands  of  Putnam  and  Orange  counties.  Recent  field 
work  by  the  writer  in  these  smaller  areas  seems  to  disprove 
this  conclusion,  at  least  so  far  as  some  areas  are  concerned; 
and  it  is  probable  that  the  entire  question  may  still  be  con-  ■ 
sidered  open.  In  the  present  paper,  however,  these  Highland 
limestones  have  been  discussed  separately  from  the  undoubtedly 
Paleozoic  limestones  and  marbles.  Lithologically,  these  white 
limestones  differ  but  slightly  if  at  all  from  the  more  highly 
crystalline  portions  of  the  Stockbridge,  and  like  the  Stockbridge 
and  Barnegat  are  usually  highly  magnesian. 

Poughquag  quarteite 
B     In  Dntchess,  Orange,  Putnam  and  Westchester  counties  a-, 
relatively  thin  quartzite  usually  uuderlies  the  Cambro -Silurian  \ 
limestones.     In  Stissing    moimtain    and    at    other  points  this  | 
quartzite  has  been  found  to  contain  Lower  Cambrian  (Georgian)  A 
fossils.     It  is  essentially  continuous,  stratigraphically,  through- 
ont  the  counties  above  named,  few  contacts  of  the  Stoekbridge , 
limestone  with  the  pre-Cambrian  gneissies  failing  to  show  this  .1 
itttervening  qnartzite.     In  its  lithologic  character  it  is  very  uni-  j 
l)r  Merrill  described  it  in  1896  as  the  Lowerre  quartzite, 
'hile  fbe  formation  names  Vermont  and  Oheablre  h&Tre  been. 
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given  it  by  the  New  England  geologists.  The  name  recently 
adopted  for  it  is  Poughquag  quartzite  (Dana  1872)  in  recognition 
of  the  fact  that  its  thickness,  lithologic  character  and  strati- 
graphic  position  are  well  shown  at  Poughquag,  Dutchess  co. 
N.  Y.  A  tj^pical  exposure  of  the  Poughquag  quartzite  occurs  on 
the  south  side  of  Peekskill  creek  near  its  junction  with  the 
Hudson  river.  This  is  well  shown  on  pi.  54,  the  slaty  cleavage 
-of  the  quartzite  being  particularly  noticeable. 

Stockbridge  and  Bamegat  limestones 

The  Barnegat  or  blue  limestone  of  Orange  and  southwestern 
Dutchess  county  and  the  crystalline  Stockbridge  limestone  of 
the  other  southeastern  counties  and  western  New  England,  are 
more  or  less  highly  metamorphosed  equivalents  of  the  Cambro- 
Silurian  limestones  of  northern  Dutchess  county.  As  a  whole, 
the  Barnegat  and  Stockbridge  formations  are  predominantly 
magnesian.  They  rarely  carry  sufficient  magnesia  to  qualify 
as  true  dolomites,  however;  and  contain  occasional  beds  of 
almost  pure  lime  carbonate. 

The  crystalline  Cambro-Silurian  limestone  of  Westchester 
county  was  described  as  the  Inwood  limestone  by  Dr  F.  J.  H. 
Merrill  in  the  paper  previously  cited.  These  Westchester  county 
limestones  are  essentially  continuous,  stratigraphically,  with 
the  Stockbridge  limestone  of  the  Taconic  region;  and  in  order 
to  prevent  two  names  being  used  for  the  same  formation,  the 
formation  name  Stockbridge  has  been  accepted  as  that  of  earlier 
date. 

Mather  in  1842  described  the  semicrvstalline  blue  limestone 
^f  Orange  county  as  the  Barnegat  limestone.  Though  there 
seems  to  be  little  doubt  of  the  essential  equivalence  of  the 
Barnegat  and  Stockbridge,  it  seems  best  to  retain  both  names 
as  the  Stockbridge  probably  includes  Trenton  beds,  which  in 
the  less  metamorphosed  area  of  Orange  county  and  New  Jersey 
<3an  be  differentiated  from  the  Barnegat.  South  of  the  New 
York  line  the  names  Kittatinny  and  Wallkill  have  been  applied 
to  the  Barnegat  limestone,  but  these  can  hardly  be  regarded  as 
tenable  in  view  of  the  many  other  names  of  earlier  date. 


ry 
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Hudson  shales  and  scMists 
The  Hudson  shales  of  the  Hudson  valley  are  represented  in 
the  metamorphic  area  of  southeastern  New  York  and  western 
l^ew  Ei^gland  by  a  thick  series  of  slates  and  mica  schists. 
The  transition  from  shale  through  slate  to  schist  can  be  well 
observed  in  traveling  across  Dutchess  county  from  west  to 
east*  in  the  latitude  of  Poughkeepsie ;  and  the  term  Hudson 
49chi8t  has  recently  been  adopted  in  place  of  the  terms  Manhat- 
tan schist  (of  New  York  geologists)  and  Berkshire  schist  (em- 
ployed by  the  United  States  geological  survey  workers  in  New 
England).    The  Hudson  formation  is  of  little  economic  impor- 
tance, though  much  schist  has  been  employed  in  foundation  and 
retaining  wall  work  on  and  near  Manhattan  island,  and  thin 
layers  of  sandstone  occurring  in  the  shales  have  been  worked 

in  Dutchess  county. 

Green  Fond  conglomerate 

The  name  Green  Pond  conglomerate  was  given  by  Darton  in 
1894  to  a  formation  occurring  on  the  borders  of  the  Devonian 
•outlier  noted  on  p.  rl44.  The  principal  exposures  of  this 
formation,  in  the  area  here  discussed,  are  west  of  Cornwall 
station  and  in  Pine  hill  near  Highland  Mills,  both  in  Orange 
county.  The  rock  is  a  conglomerate  consisting  of  white  to  pink- 
ish quartz  pebbles,  embedded  in  a  reddish  silicious  matrix, 
Darton  states  that  in  this  vicinity  the  formation  is  not  over  60 
feet  thick.  In  stratigraphic  position  the  Green  Pond  conglome- 
Tate,  Pine  Hill  quartzite  and  Longwood  red  shales  correspond 
Approximately  to  the  Shawangunk  grit  of  Ulster  county,  and  to 
the  Medina  (including  Oneida)  rocks  of  western  New  York. 

Fine  Hill  quartzite 

The  name  Pine  Hill  quartzite  is  here  proposed  for  a  series  of 
•quartzite  beds  overlying  the  Green  Pond  conglomerate  and  un- 
derlying the  Longwood  shales.  The  formation  is  well  shown 
in  Pine  hill,  east  of  Highland  Mills,  Orange  co.  Transition 
l>eds  between  the  quartzite  and  conglomerate  and  between  the 
<qmirtzite  and  shales  occur;  but  in  general  the  lithologic  dis- 
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tinctions  between  the  formations  are  evident.  The  Pine  Hill 
formation  is  250  feet  thick  in  New  Jersey,  according  to  Darton, 
thinning  northeastward  to  5  or  6  feet  at  Cornwall. 

Longwood  red  shales 

Darton  applied  this  name  in  1894  to  the  series  of  shales  over- 
lying the  quartzite  last  described.  The  formation,  in  Pine  hill, 
shows  a  thickness  of  75-100  feet,  and  is  of  considerable  (local) 
economic  importance.  The  shales  are  in  general  red,  occasional 
bands  of  olive  shales  locally  occurring. 

Cornwall  limestones 
A  series  of  thin  beds  of  limestone  overlies  the  Longwood  shales 
at  several  points  in  Orange  county.  These  beds  carry  fossils 
which  serve  to  correlate  them  paleontologically  with  the  Lower 
Helderberg  and  Waterlime  rocks  farther  west.  The  term 
"  Cornwall  limestones ''  is  not  here  proposed  as  a  formation 
name,  but  is  used  merely  as  a  convenient  designation  for  the 
series  till  further  field  work  shall  have  decided  the  extent  to 
which  subdivision  can  be  carried.  No  quarries  are  at  present 
worked  in  these  limestones. 

Newfoundland  quartzite 
This  formation,  usually  a  light  colored  quartzite  but  locally 
conglomeratic,  carries  at  some  localities  fossils  which  would 
correlate  it  paleontologically  with  the  basal  Devonian  Oriskany 
quartzite.  The  formation  name  here  proposed  is  in  allusion 
to  the  exposure  of  the  quartzite  at  Newfoundland  N.  J.,  where 
its  lithologic  and  paleontologic  characters  are  well  shown  and 
were  described  by  Britton  and  Merrill  in  1886.^  It  is  exposed 
at  several  other  points  along  the  margin  of  the  Devonian  out- 
lier in  both  New  York  and  New  Jersey.  No  quarries  in  this 
formation  are  worked  in  the  area  under  discussion. 

Monroe  shales 
This  name  was  applied  by  Darton  in  1894  to  the  dark  colored 
shales  underlying  the  Schunemunk  conglomerate  and  in  places 
overlying  the  Newfoundland  quartzite.    Fossils  correlate  them 


^N.  J.  state  geol.  Rep't.    1886. 
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approximfitel.v  with  tht;  Hamilton  of  tbe  comities  farther  west. 
These  shales  are  quarried  at  several  points  for  local  use  as  road 
metal,  but  are  of  no  great  economic  importance. 


Bellvale  flags 

The  name  Bellvale  flngB  wa«  given  by  Darton,  in  1894,  to  the 
hard,  thin  bedded  gray  sandstones  which  appear,  overlying  the 
Monroe  shales,  in  Schuneniunl;,  Bellvalft  and  Bearfort  moun- 
tains. Plant  remains  ooour^  in  these  flags,  and  fix  their  age  as 
middle  Devonian. 

Sohnonemiink  conglomerate 

Overlying  the  Bellvale  flags  in  the  mountains  above  named  is 
a  conglomerate  of  quartz  and  quartzite  pebbles  in  a  reddish 
silieious  matrix.  In  1894  Darton  named  this  the  Schunemunk 
conglomerate.  He  states  that  lithologically  it  differs  from  the 
Green  Pond  conglomerate  in  containing  quartzite  pebbles,  which 
are  absent  in  the  latter. 

Newark  beds 

The  Kewark  beds  of  central  and  western  Kew  Jersey  have 
been  divided  by  Kiimmel  into  three  superposed  "  formations." 
Thefie ."  formations  "  change  in  lithologic  character  as  the  New 
York  line  is  approached.  Two  of  them,  according  to  Kiimmel, 
appear  in  Bockland  connty  N.  Y.  They  have  not  been  mapped 
separately  however,  and  will  not  be  separately  treated  in  this 
paper.  Calcareous  conglomerates,  which  appear  near  the  north- 
ern edge  of  the  Newark  area,  have  afforded  some  lime. 

IGSEOVS    ROCKS 

Cutting  certain  of  the  formations  above  noted,  granites  and 
other  igneous  rocks  are  frequently  found  in  dikes  or  masses, 
These  igneous  rocks  vary  greatly  in  composition  and  texture  as 
well  as  in  economic  importance.  Of  the  many  varieties  present, 
four  show  well  marked  and  distinct  types  and  occupy  definite 
areas  of  considerable  size.  For  this  reason  they  have  been 
assigned  names  as  follows  (being  named  after  the  localities  at 
which   they    are    best    developed) :    Tonkers    gneiss,    Harrison 

'  Martin,  D.  S. 
FroBser,  0.  8.    N.  Y.  acad.  acL    Tauw.    U:1S2«1. 
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diorite,  Cortlandt  series  (norite,  diorite,  etc.),  Newark  diabase. 
The  remaining  rocks  of  igneous  origin,  occurring  in  areas  too 
small  to  be  separately  named  may,  for  our  present  purpose,  be 
grouped  as  granites. 

QUARRY  INDUSTRY  OF  THE  AREA 

PREVIOUS  PUBLICATIONS 

Prof.  J.  S.  Newberry,  in  his  report  on  Bmlding  and  ornamental 
atones,  Philadelphia  exposition,  1876,  discussed  at  some  length 
the  Tuckahoe  and  Pleasantville  quarries,  and  their  product. 
The  10th  census  report  on  the  stone  quarry  mdustry  contains  short 
notes  on  the  marble  quarries  and  a  brief  mention  of  the  Lef urgy 
quarry  (in  Fordham  gneiss)  at  Hastings.  In  addition,  however, 
this  report  contains  an  exceedingly  valuable  and  comprehensive 
paper  by  Dr  A.  A.  Julien  on"  Stone  construction  in  New  York  city 
and  the  vicinity,"  with  detailed  information  regarding  the  dura- 
bility, etc.  of  all  stones,  domestic  or  foreign,  used  here.  In  his 
two  reports  on  the  Building  stone  of  New  York  state,  published 
as  bulletins  3  and  10  of  the  New  York  state  museum,  Prof.  J.  C. 
Smock  describes  the  quarries  of  the  entire  state  in  great  detail, 
giving  physical  and  chemical  data  in  bulletin  10.  These  reports, 
abstracts  of  which  have  appeared  in  bulletin  15  of  the  New  York 
state  museum,  contain  the  best  descriptions  yet  published  of 
the  quarries  and  quarry  industry  in  Westchester  county,  being 
defective  only  in  regard  to  the  Yonkers  gneiss,  quarrying  in 
which  was  not  actually  begun  till  several  years  after  the  pub- 
lication of  the  bulletins.  All  these  reports,  however,  suffer 
from  one  common  and  unavoidable  defect.  At  the  time  at 
which  they  were  written  the  geologic  structure  of  the  area 
had  not  been  made  out  with  any  degree  of  certainty,  and  the  re- 
ports consequently  err  in  grouping  together  quarries  which  are 
worked  in  entirely  different  geologic  formations.  For  this  rea- 
son, it  has  been  in  some  instances  extremely  difficult  to  identify 
the  material  on  which  the  tests  quoted  were  actually  made. 

A  report  on  the  geology  of  Orange  county  by  Dr  Heinrich 
Ries,  published  in  the  15th  report  of  the  New  York  state  geolo- 
gist, contains  notes  on  the  quarry  industry  in  Orange  county. 
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(iBAMTE;   INCLIDIVG    GNEISS,   DIORITB.   TRAP,  ETC. 

Lower  pre-Cambrian  gneisses 
Storm  King  station,  Putnam  co.  Quarries  (1)  ia  Breakneck 
niountnin  at  this  station  formerly  furnished  a  large  amount  of 
stone  for  building  work  and  also  of  crushed  stone  for  railroad 
ballast.  Bailey's  quarry,  (1)  a  few  hondred  yards  south  of  tlie 
station,  is  still  worked  at  intervals,  but  tbe  output  is  small. 
The  rock  in  which  the  quarries  are  located  is  a  medium  grained 
gneigsoid  granite  containing  a  large  amount  of  hornblende.  In 
color  it  varies  from  dark  greenish  to  redish.  A  thin  section  of 
this  rock  is  shown  on  pi.  i3. 

Carmel,  Putnam  co.  Two  quarries  in  pre-Cambrian  gneiss  are 
located  one  (3)  on  the  west  side  of  the  West  Branch  reservoir, 
the  other  (2)  on  the  east  side  of  the  reservoir.  Both  furnished 
material  for  the  dams  and  reservoir  walls. 

Peekskill,  Westchester  co.  A  small  quarry  located  near  the 
■east  bank  of  the  Hudson  river,  about  3  miles  northwest  of  Peeks- 
kill,  has  not  been  worked  for  some  years.  The  rock  is  a  rather 
■coarse  grained,  light  colored,  gneissoid  granite. 

Olenham,  DutchesB  co.  A  reddish  gneiss  has  been  quarried  to 
a  small  extent  near  Glenham,  Dutchess  eo.  (i).  The  product 
was  used  for  macadam  on  local  roads.  The  quarry  ia  located 
north  of  and  near  Fishkill  creek,  in  the  small  outlier  of  pre- 
Cambrian  gneiss  which  extends  from  near  Glenham  northeast- 
ward to  Vly  mountain.  The  material  is  unsuitable  for  struc- 
tural work. 

Theill,  Bockland  co.  Pre-Cambrian  gneiss  has  been  quarried 
just  north  of  the  station  of  the  Xew  Jersey  and  New  York  rail- 
road at  Theill,  Rockland  co.  (3).  The  material  outcropping  at 
the  quarry  is  closely  jointed,  and  breaks  readily  along  the  joint 
planes.  It  has  been  largely  used  for  macadam  on  neighboring 
roads,  but  will  probably  be  sui>erseded  by  trap  from  the  new 
quarry  south  of  Theill. 

Suffem,  Bockland  co.  Several  quarries  iG)  are  worked  north 
and  northwest  of  Sufl'eru  by  Rice  Bros,  and  the  Hillburn  granite 
CO.     The  rock  here  quarried  is  a  pre-Cambrian  gneiss,  not  very 
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highly  foliated,  and  consisting  chiefly  of  quartz,  plagioclase  (with 
subordinate  orthoclase)  and  hornblende.  The  feldspars  are  usu- 
ally white,  varying  to  reddish;  and  the  gneiss  is  accordingly 
gray  to  light  reddish  in  color.  Part  of  the  stone  is  used,  rough 
dressed,  for  foundation  and  wall  work;  but  a  considerable  quan- 
tity is  cut  by  Coi)eland  &  Son  at  Suffern,  being  used  chiefly  for 
monuments. 

Arden,  Orange  co.  Several  quarries  (7)  between  Arden  and 
Tuxedo  Park  have  been  worked  quite  extensively  for  road  metaL 
The  material  is  a  hornblendic  pre-Cambrian  gneiss,  not  suitable 
for  dressed  stone,  but  as  road  metal  producers  the  quarries  are 
of  some  local  importance. 

Monroe,  Orange  co.  A  pinkish  gneiss  occurs  in  an  area  of  con- 
siderable size  about  2^  miles  southeast  of  Monroe,  Orange  co» 
It  has  never  been  worked,  but  judging  from  the  outcrop  should 
furnish  stone  of  good  quality.  So  far  as  color  is  concerned,  it 
is  probably  the  handsomest  granite  in  southeastern  New  York. 

Fordham  gneiss 
The  Fordham  gneiss  is  typically  a  light  grayish  or  bluish,, 
well  banded  gneiss,  consisting  of  biotite,  orthoclase  and  quartz. 
Its  upper^  beds  near  the  contact  with  the  Poughquag  quartzite 
are  always  highly  quartzose;  and  this  upper  part  of  the 
formation  is  possibly  of  sedimentary  origin.  The  Fordham 
gneiss  has  been  largely  used  for  foundation  stone  and  other 
uncut  work.  The  Hastings  quarry  formerly  sold  a  fair  propor- 
tion of  its  product  as  cut  stone,  but  of  late  years  little  of  this 
grade  has  been  marketed.  It  has  also  been  used  to  some  extent 
for  macadam,  but  is  hardly  well  fitted  for  this  purpose  as  it 
generally  breaks  into  flat  pieces  when  put  through  a  crusher. 

*  '*  Upper  "  is  used  here  in  a  geologic  sense.  Folding  of  the  rock  series 
may  cause  the  newer  (and  geologically  **  upper ")  beds  to  apparently 
underlie  the  older  (and  geologically  **  lower ")  beds.  This  is  well  shown 
ait  the  old  marble  quarry  near  Hastings,  Westchester  county.  The  series 
here  has  been  sharply  folded  so  that  the  limestones  are  shown  dipping 
to  the  east,  apparently  under  the  quartzite  and  gneiss  which  are  exposed 
near  the  top  of  the  eastern  wall  of  the  quarry;  but  the  limestone  is  really 
newer  than  the  gneiss  and  quartzite. 


To  face  p.  rl52 


F.  J.  H.  'Mierrill,  photo. 


Photomlcrograpb  in  polariiefl  light,  < 


REPOBT  OP  TOE  DIBECTClE  AND  STATE  GEOLOGIST  IDOO      rl53 

1  It  has.  Lowiiver,  liwu  uwod  to  a  considerable  extent  foi'  railroad 

I  ballast. 

Hastings,  Westchester  co.  Lefunjfa  quarry  (9),  ftwned  by 
Lefui'gy;  operated  under  lease  by  William  Sicbola  jr. 

■  Known  at  one  time  as  Mnnson's  quarry.  Situated  about  half 
a  mile  west  of  Mt  Hope  station,  on  the  western  aide  of  the 
jlfneiss  ridge.  It  is  o!)ened  for  a  distance  of  about  350  feet  along 
the  strike,  and  is  about  100  feet  wide.  The  west  wall  is  30 
feet  high  at  its  northern  end,  running  down  to  near  ground  level 
at  its  southern.  The  east  wall  is  about  100  feet  high  at  its 
northern,  and  20  feet  at  its  southern  end.  The  floor  of  the 
quarry  is  at  present  only  a  few  feet  below  ground  level,  though 
it  was  at  one  time  worked  10  feet  or  more  below,  this  low  cut 
baring  been  subsequently  refilled.  The  entrance  to  the  quarry 
is  at  the  south  end  where  a  road  leads  out  to  the  main  road 
to  Hastings. 

The  west  wall  sbows  biotite  schist  and  much  crumpled  gneiss, 
and  haa  been  practically  untouched  since  the  opening  of  the 
quarry,  all  the  development  having  taken  place  toward  the 
east  and  north.  The  northern  face  shows  a  good  quality  of 
light  gray  or  bluish  gneiss,  typical  Fordham,  a  thin  section  of 
which  is  shown  on  pi,  45.  In  it  are  two  seams  2  to  3  feet  wide, 
of  hornblendebiotite  gneiss,  regularly  laminated,  and  of  rather 
good  grade.  They  would  certainly  furnish  attractive  cut  stone. 
The  east  face  is  now  beginning  to  cut  a  crumpled  area,  con- 
taining frequent  interbeddings  of  a  rock  composed  of  pink 
feldspar,  a  silvery  mica,  and  some  garnets.  For  this  reason  the 
quarry  has  probably  reached  its  extreme  eastern  development, 
most  of  the  stone  now  bping  taken  from  the  north  face.  The 
pint  intrusive  mentioned  seems  to  be  usually  accompanied  by 
a  walling,  2  inches  or  so  thick,  of  biotite  schist.  Near  it  quartz 
lenses  and  stringers  are  common,  and  are  also  usually  walled 
by  biotite  schist.     Strike  and  dip  average  n.  24°  e.,  71°  e. 

Two  derricks  (horse)  are  in  place.  There  is  usually  little 
trouble  from  water,  though  in  certain  seams  enough  has 
ieen  encountered  to  embarrass  the  bla»ting  (black  powder). 
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For  the  past  three  years  no  cut  stone  has  been  furnished 
by  this  quarry.  In  1898  the  total  output  was  valued  at  about 
f  1300,  and  was  mostly  used  for  foundations  and  backing.  For 
this  material  $1.50  a  cubic  yard  is  obtained.  Expense  of  lifting^ 
handling  and  transportation  prevents  competition,  even  locally 
with  the  New  England  and  Hudson  river  stones.  The  quarry 
will  probably  soon  be  abandoned  because  of  the  poorness  of 
east  and  west  walls,  and  because  adjoining  lats  have  been  soli 
for  building.  Mr  Nichols  then  expects  to  commence  quarrying^j 
on  his  own  land,  a  little  farther  north  on  the  same  ridge. 

XJniontown,  Westchester  co.  A  quarry  (10)  here  was  work 
for  a  time  in  order  to  get  rough  stone  backing  for  one  of 
Warburton  avenue  bridges.  The  opening  is  in  a  light  color 
(gray)  gneiss,  with  several  pink  seams.  The  mass  of  the  ro 
however,  shows  little  or  no  injection.  Strike  and  dip  n.  25°  e^-^* 
56°  e.  The  product  shows  too  much  contortion  in  the  layers  tor-;^ 
permit  the  quarry,  if  ever  reopened,  to  become  a  serious  com*  )^ 

petitor  of  Lef  urgy's.  :    •■ 

i'  * 

Bryn  Mawr,  Westchester  co.  Along  Palmer  avenue,  west  of  . 
Bryn  Mawr,  near  Fort  Field  reservoir,  two  small  openings  (12)> 
have  been  made  in  Fordham  gneiss.  The  easternmost  is  ii  a 
rather  poor  grade  Fordham,  minutely  crumpled  and  breakinjf 
into  tabular  pieces.  The  westerly  opening  is  in  better  rock,  and 
supplied  part  of  the  stone  for  the  reservoir  walls  and  gatehouse^ 
Both  openings  were  worked  later  to  supply  macadam  for  Palmer 
avenue.  PL  46  shows  a  face  of  the  Fordham  gneiss  exposed  in 
excavating  for  Fort  Field  reservoir,  and  pi.  47  the  gatehouse, 
built  from  good  specimens  of  this  gneiss. 

Lowerre,  Westchester  co.  In  Lowerre  small  quarries  (11)  were 
opened  in  1898.  The  rock  was  a  rather  poor  Fordham  gneiss, 
with  granite  injections  along  certain  bedding  planes  and  a  peg- 
matitic  dike  crossing  the  bedding.  The  total  product  to  May  1,^ 
1899,  was  about  2000  loads.  Rough  stone  brought  75c  to  85c  a 
load,  while  larger  stone,  roughly  trimmed,  was  worth  |1.50.  The 
material  was  used  for  foundations,  etc.  Four  men  were  em- 
ployed.    This  stone  was  badly  jointed,  and  could  be  handled 
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in  face  of  competition  of  the  Yonkers  gneiss  quarries  only  be- 
cause of  shorter  haul  and  the  fact  that  removing  the  stone  was 
raising  the  value  of  the  lots. 

Fordham,  Westchester  co.  Fordham  gneiss  was  formerly  quar- 
ried (8)  west  of  the  Harlem  railroad,  south  of  Fordham,  in  the 
upper  beds,  much  of  the  product  being  used  for  railroad  ballast. 
It  has  also  been  quarried  for  road  metal,  for  which  purpose  it 
is  not  well  suited,  at  various  points  in  Westchester  county,  but 
none  of  these  small  quarries  are  now  working  and  none  were 
ever  of  much  importance. 

Yonkers  gneiss 

The  Yonkers  gneiss  is  a  well  foliated  gneissoid  granite,  very 
variable  in  color,  grain,  and  economic  value,  but  quite  uniform 
petpographically.  It  is  composed  essentially  of  quartz,  biotite, 
microcline,  and  sheared  orthoclase.  Normal  orthoclase  is  not 
abundant,  while  plagioclase  is  very  rare.  Hornblende  is  the 
most  common  accessory,  being  very  abundant  in  certain  seams, 
and  rarely  entirely  absent  from  a  slide.  Titanite  is  very  fre- 
quent.   A  thin  section  is  shown  on  pi.  48. 

The  color  of  the  Yonkers  varies  from  a  light  blue  to  a  rather 
deep  red.  This  variation  is  partly  due  to  the  fact  that  the  blue 
grades  in  most  cases  contain  more  quartz  and  less  feldspar.  A 
much  more  potent  cause,  however,  is  that  the  feldspars  them- 
selves are  either  red  or  bluish.  This  difference  in  color  is  not 
due  to  a  difference  in  the  feldspar  species,  as  the  microcline  and 
sheared  orthoclase  appear  in  both  the  red  and  blue  Yonkers, 
and  in  about  the  same  relative  proportions. 

The  difference  in  color  is  of  importance  economically.  The 
red  forms  decay  readily  while  the  blue,  though  often  becoming 
stained  yellow  by  iron,  do  not  appear  to  disintegrate.  The 
writer  has  not  been  able  to  follow  up  this  investigation  as  far 
as  he  could  have  wished,  and  the  discussion  in  this  paper  should 
be  regarded  as  merely  preliminary  to  a  more  detailed  presenta- 
tion of  the  subject. 

The  principal  area  of  Yonkers  gneiss  is  located  in  the  southern 
part  of  Westchester  county.    It  extends  from  near  Van  Cort- 
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landt  Park  to  Scarsdale,  and  occupies  most  of  the  ridge  between 
the  Bronx  valley  and  the  valleys  of  Tibbet  and  Troublesome 
brooks.  Smaller  areas  occur  northeast  of  White  Plains,  east  of 
Hartsdale  and  at  several  other  points  mentioned  below. 

Most  of  the  quarries  in  the  main  belt  of  Yonkers  gneiss  were 
opened  around  1892.  At  that  time  an  unusual  amount  of  bridge 
and  retaining  wall  work  was  being  done  by  the  Putnam,  Harlem 
and  New  Haven  railroads.  Dimension  stone  and  cut  stone  of 
smaller  size  was  in  great  demand,  and  most  of  it  came  from  the 
quarries  m  the  Yonkers  belt.  This  period  of  prosperity  con- 
tinued throughout  1892,  1893,  1894  and  1895.  Since  th^n  the 
actual  railroad  demand  has  fallen  off,  and  in  addition.  Palatine 
Bridge  limestone  is  being  used  in  place  of  the  gneiss.  During  the 
"  railroad  "  period  it  is  probable  that  at  least  100,  possibly  more, 
men  were  employed  in  the  line  of  quarries  running  from  Scars- 
dale  to  Dunwoodie.  In  1899  about  15  to  20  quarrymen,  with 
possibly  10  teamsters  and  teams,  were  employed.  The  year* 
1899  was,  however,  abnormally  dull.  The  data  quoted  later  may 
be  taken  as  an  average  for  the  years  1896,  1897  and  1898. 

Mr  S.  L.  Cooper,  commissioner  of  public  works,  city  of  Yonk- 
ers, wrote,  in  reply  to  an  inquiry  concerning  the  use  of  Yonkers 
gneiss  by  his  department: 

The  quarries  you  mention  (Hackett,  Cahill,  O'Rourke)  are  the 
only  ones  now  furnishing  stone  to  the  public  works  of  this  city. 
It  is  impossible  to  state  with  precision  the  amounts,  but  they 
have  been  about  2000  to  2500  cubic  yards  a  year  for  the  past 
three  years.  The  contract  prices  depend  largely  on  the  length 
of  haul.  For  macadam,  telford  stone  and  ordinary  foundation 
or  quarry-broken  building  stone,  the  price  will  vary  from  |1 
to  |1.50.  For  cut  stone  the  price  is  about  |40  a  cubic  yard  for 
fine  cut  (8  cut)  work.  This  is  for  cut-face  and  quarter-inch 
joints.  Our  local  stone  has  been  used  for  macadam  only  on  the 
country  roads,  and  the  prices  named  above  do  not,  of  course, 
include  the  breaking  of  the  stone  to  macadam  size. 

Since  the  decline  of  the  railroad  trade,  the  quarries  depend 
largely  on  rough  foundation  stone,  etc.  to  pay  current  expenses 
and  fixed  charges.  This  trade  is,  of  course,  very  evenly  dis- 
tributed among  the  various  quarries,  as  the  difference  in  quality 
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or  price  of  this  class  ot  stone  is  not  sufficient  to  give  a  decided 
advantage  to  any  one  quarry.  Seely's  quarry,  at  Scarsdale,  is 
handicapped  by  greater  distance  from  market,  as  little  building 
is  going  on  near  it.  Lowerre  and  Park  Hill  use  a  considerable 
<juantity  of  this  class  of  stone.  A  certain  quantity  of  cut  stone, 
about  2  feet  by  2  feet  by  18  inches  in  size,  is  used  for  private 
houses  and  for  walls.  This  item  is,  however,  of  little 
importance. 

The  chief  profit  of  the  quarries  comes  from  stone  supplied  to 
public  buildings,  schools,  etc.,  for  which  a  high  grade  of  cut 
«tone  is  required.  Occasionally  large  semipublic  buildings — 
hospitals,  libraries,  etc. — are  erected,  and  to  supply  stone  for 
these  is  almost  as  profitable. 

As  good  trap  and  limestone  can  be  obtained  cheaply  from 
the  Palisades  and  Tomkins  Cove,  little  stone  is  furnished  by 
the  local  quarries  for  macadamizing.  Occasionally,  however, 
the  Yonkers  gneiss  is  used  for  this  purpose  on  second  class 
roads.  The  stohe  is  then  handbroken  at  the  quarry,  unless  the 
buyer  owns  a  crusher.  Almost  all  of  the  so-called  macadam 
roads  are  in  reality  telford  roads,  having  a  subpavement  of 
large  (5  to  8  inches)  stone.  The  local  quarries  furnish  most  of 
this  telford,  using  for  it  their  worst  grade,  the  coarse  red 
Yonkers  gneiss. 

Scarsdale,  Westchester  co.  Seely^s  quarry  (19).  Owned  and 
operated  by  H.  S.  Seely.  Several  openings  on  the  north  side 
of  Piatt  avenue,  about  half  a  mile  west  of  Scarsdale  station. 
The  opening  now  worked  is  on  the  extreme  west  of  the  group, 
and  has  been  worked  for  100  feet  along  the  strike.  It  is  30  feet 
wide  and  10  to  20  feet  deep,  being  entirely  below  the  general 
ground  level.  A  larger  opening,  on  the  extreme  east  of  the 
:group,  shows  an  8  foot  bedded  dike  of  a  coarse-grained  horn- 
blende-feldspar rock.  The  average  quality  however,  is  very 
high;  a  large  percentage  of  the  material  being  the  blue  Yonkers. 
No  machinery  is  on  the  ground,  save  one  derrick — horse  power. 
The  product  has,  for  five  years  or  more,  been  only  foundation 
stone.    It  will  not  exceed  150  cubic  yards  annually  for  which 
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fl  to  fl.SO  a  yard  (delivered)  is  obtained.  Should  a  contractor 
wish  to  do  his  own  quarrying  a  royalty  of  25c  a  yard  is  charged. 
Selected  and  roughly  trimmed  stone  brings  $2  a  yard.  This^ 
quarry  got  a  fair  share  of  the  railroad  business  but  has  been, 
practically  idle  since  that  time. 

Dunwoodie,  Westchester  co.  HacJcetfs  quarries  (14).  Worked 
and  owned  by  Hackett  Bros,  of  Dunwoodie.  Located  at  the 
intersection  of  Central  and  Midland  avenues,  a  mile  or  so  north- 
east of  Dunwoodie  station.  A  small  opening,  with  one  derrick, 
is  in  the  southwest  angle  formed  by  the  intersection  of  the  two- 
avenues  mentioned;  the  larger  and  older  quarries  are  in  the 
northwest  angle.  The  quarry  now  worked  has  been  opened  for 
about  300  feet  along  the  strike  and  about  80  feet  across  the 
strike.  The  foliation  planes  dip  and  strike  n.  30°  e.,  85°  w.  One 
set  of  almost  horizontal  joints  divides  the  rock  into  "  beds '' 
about  4  feet  thick,  while  the  set  of  joints  parallel  to  the  folia- 
tion are  about  2  to  4  feet  apart ;  and  a  third  less  important  and 
regular  set  of  joints  strikes  and  dips  n.  64°  w.,  75°  w.  Most  of 
the  quarry  is  above  the  ground  level  of  its  front.  Stone  from 
this  quarry  has  been  used  in  St  Joseph's  seminary,  Dunwoodie^ 
Seton  hospital  (Spuyten  Duyvil),  St  John's  hospital  (Yonkers) 
and  St  Joseph's  hospital  (Yonkers),  and  in  much  railroad  work, 
as  well  as  in  several  Yonkers  schoolhouses.  In  1898  Hackett 
supplied  some  polished  columns  from  this  quarry  for  the  county 
jail  at  White  Plains.  The  polishing  was  done  in  New  York  city^ 
and  the  columns  are  good  samples  of  the  best  grade  of  the 
Yonkers  gneiss.  Four  derricks  (one  run  by  steam,  three  by 
horse  power)  and  one  boiler  are  on  the  ground. 

Mr  Hackett  estimates  the  annual  product  at  500  cubic  yards 
macadam  stone,  1000  cubic  yards  foundation  stone  and  100  cubic 
yards  dressed  stone.     The  main  opening  is  shown  on  pi.  49. 

CahilVs  quarries  (15).  Owned  and  operated  by  Dennis  Cahill 
of  Yonkers.  Situated  on  Midland  avenue,  several  hundred  yards 
east  of  Central  avenue.  The  smallest  and  newest  opening, 
at  which  a  boiler  is  located,  on  the  south  side  of  Midland  avenue, 
will   probably   be    the   principal   quarry   of   the  future.    The 
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■  larger  openings  are  north  of  Midland  avenue.  The  one  now 
worked  has  been  oijened  for  a  distance  of  250  feet  along  the 
strike,  and  has  been  worked  backward  (toward  the  west)  abont, 
200  feet.  The  space  worked  out  is  filled  up  with  waste  rock. 
The  foliation  planes  strike  n.  22°  e.  and  dip  70°  to  90°  w.  One 
almost  horizontal  set  of  joints,  dipping  slightly  to  the  east, 
divides  the  rock  into  4  to  12  foot  "  beds."  A  leas  regular  set 
strikes  n.  65°  w.  and  dips  QT^  w.  One  derrick  is  in  use — horse 
power.  Four  quarrymen  and  a  foreman  are  employed.  The 
quarry  was  opened  in  1892,  and  got  much  of  the  railroad  work. 
Two  schools  were  lately  supplied,  the  cut  stone  being  valued  at 
about  ?5,50  a  yard  at  the  quarry.  Smaller  cut  stone  is  sold, 
delivered,  at  about  30c  a  cubic  foot.  The  annual  product 
amounts  to  about  2000  cubic  jards  rough  stone,  valued  at  about 
50c  a  cubic  yard  at  the  quarry;  and  about  100  to  200  cubic  yard* 
of  dressed  stone. 

As  in  all  the  Yonkers  gneiss  quarries,  black  powder  is  used 
when  necessary,  but  much  of  the  stone  can  be  gotten  out  by  use 
of  the  plug  and  feathers.  These  are  always  used  for  splitting 
the  stone  to  size  after  it  has  been  broken  out  in  blocks.  The 
stone  stands  bush  hammering  well,  and  this  is  about  the  highest 
finish  ever  given  it. 

O'Rourke'8  quarry  (17).  Worked  on  lease  by  E.  O'Rourke  of 
Dnnwoodie  on  land  belonging  to  the  Stewart  estate.  Opened 
for  65  feet  along  strike,  2o  feet  on  dip,  15  to  20  feet  deep. 
The  opening  is  shown  on  pi.  50.  Foliation  places  strike  n.  32"^  e. 
and  dip  66°  e.  The  stripping  was  about  6  feet.  Annual  prod- 
uct about  1000  cubic  yards  foundation  stone,  at  |1.75  a  cubic 
yard,  delivered,  and  600  cubic  yards  cut  stone,  valued  at  t^OOO. 
This  quarry  shows  a  larger  percentage  of  high  grade  stone  than 
do  any  of  the  others.  It  was  opened  too  late  to  get  much  of 
the  railroad  work,  except  the  piers  of  the  trestle  at  Lowerre,  but 
gets  a  fair  share  of  public  and  private  work. 

Flannery's  quarry  (13).    This  quarry  was  worked  irregularly 

by  the  owner  of  the  land, Flannery.     He  is  a  builder 

and  the  product  was  used  exclusively  on  houses  which  he  built. 


i 
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The  quarry  has  been  idle  during  recent  years.  The  opening  is 
about  100  feet  long  by  100  wide  and  20  deep.  The  best  stone, 
which  is  a  very  fair  grade  of  Yonkers,  is  at  the  west  side,  the 
eastern  side  and  center  showing  very  thin-bedded  stone.  The 
quarry  is  shown  on  pi.  49. 

Valentin^e  quarries  (10).  Several  small  openings  exist  nearer 
Dunwoodie.  It  is  stated  that  these  were  worked  eight  or  10 
years  ago.  This  information,  taken  together  with  their  loca- 
tion, makes  it  probable  that  they  are  the  quarries  described  by 
Smock  as  the  Valentine  quarries  and  mentioned  by  Mather  in 
1843.  At  any  rate,  they  are  of  historic  interest  as  being  the 
first  quarries  operated  in  the  Yonkers  gneiss  belt. 

Millwood,  Westchester  co.  Quarries  (24),  formerly  much  worked 
for  railroad  ballast,  occur  at  Merritt's  Corners  (Millwood),  on  the 
New  York  and  Putnam  railroad.  The  rock  is  a  reddish  gneiss, 
resembling  some  phases  of  the  Y^onkers  gneis«.  The  foliation 
strikes  n.  32°  e.  and  is  almost  vertical  in  dip. 

White  Plains,  Westchester  co.  Collin's  quarry  (22)  is  located 
about  1  mile  northeast  of  Silver  lake,  the  quarry  being  shown 
on  pi.  51.  The  material  shown  in  both  the  openings  is  a  fairly 
well  foliated  reddish  gneiss  of  the  Yonkers  type.  It  is  heavy 
bedded,  and  the  horizontal  joints  are  far  enough  apart  to  permit 
the  extraction  of  good  sized  blocks  of  stone.  At  present  the 
local  demand  is  insufficient  to  w^arrant  stead}"  working. 

Hartsdale,  Westchester  co.  McCabe's  quarry  (20)  is  situated 
about  1  mile  east  of  Hartsdale  station,  in  a  narrow  belt  of  Yonk- 
ers gneiss.  The  rock  is  of  fair  quality.  Little  has  been  used 
for  structural  work  as  rough  stone;  but  a  considerable  quantity 
has  been  supplied  for  macadamizing  roads  in  the  vicinity. 
The  material  exposed  is  very  light  bluish  in  color  and  highly 
foliated. 

Hastings,  Westchester  co.  Rowley's  quarry  (23),  situated  a  lit- 
tle east  of  the  old  aqueduct  and  a  mile  or  less  south  of  Hastings, 
is  in  a  rock  which  may  be  considered  Y^'onkers  gneiss.  Rowley's 
quarry  was  worked  for  a  time  to  supply  stone  for  a  bridge  on 
Warburton  avenue.     The  stone  obtained  was  too  folded  and  dis- 
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torted  to  be  used  for  anything  save  backing  and  probably  not 
over  500  cubic  yards  were  used  even  for  that.  It  is  cut  by  three 
sets  of  joints — two  approximately  vertical,  and  one  horizontal. 
They  strike  and  dip  respectively  n.  37°  e.,  85°  w.;  n.  73°  w., 
80°  e.;  and  n.  23°  e.,  20°  w.  Fragments  of  vein  quartz,  with 
faceted  surfaces,  were  found  on  the  dump,  and  several  specimens 
of  chalcopyrite  were  seen.  Pegmatitic  material  also  occurs. 
Much  of  the  rock  is  highly  micaceous  and  thin  bedded,  while  the 
more  solid  portions  are  too  much  distorted  to  be  used  for  face 
stones.    The  quarry  will  probably  never  be  reopened. 

Tarrytown,  Westchester  co.  The  old  Beekman  quarry  (23a),  on 
land  belonging  to  the  Kingsland  estate,  is  located  about  1  mile 
north  of  Tarrytown,  near  the  Hudson  river.  It  was  formerly 
largely  worked  both  for  structural  stone  and,  later,  for  railroad 
ballast.  The  material  is  a  bluish  to  reddish  gneiss  similar  in 
mineral  composition  to  the  Yonkers  gneiss.  Examples  of  it  can 
be  seen  in  several  churches  and  other  large  buildings  in  Tarry- 
town. Gillmore  reports  a  gneiss  from  Tarrytown,  probably 
from  this  quarry,  as  showing  in  2  inch  cubes  a  compressive 
strength  of  18,250  pounds  a  square  inch,  and  as  having  a  specific 
gravity  of  2.655. 

Bavenswood,  Queens  co.  The  eruptive  area  in  Ravenswood  L.  I. 
(25),  is  composed  of  rock  allied  to  the  Yonkers  gneiss  but  con- 
taining plagioclase  in  addition  to  the  sheared  orthoclase  of  the 
normal  Yonkers.  The  occurrence  of  perthite  in  pegmatitic 
bands  is  noteworthy.  It  has  been  used  to  some  extent  in  founda- 
tions, walls,  and  even  buildings  in  the  vicinity,  according  to  my 
observations.  Most  of  the  area,  however,  falls  within  the  limits 
of  a  public  park. 

Oranites  and  allied  rocks  in  small  areas 
At  many  points  in  the  area  under  consideration  the  members 
of  the  normal  succession  are  cut  by  dikes  and  bosses  of  granites 
and  granite-diorites.  Coarse  grained  (pegmatitic)  intrusive® 
are  of  very  frequent  occurrence,  particularly  on  and  near  Man- 
hattan island,  where  such  dikes  are  frequently  shown  cutting 
the  Hudson  schists.    These  mateirials  are,  of  course,  of  no  eco- 
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nomic  value.  Finer  grained  granites  occur,  however,  and  are 
worked  at  several  points  within  the  area.  Few  of  these  quarries 
iire  so  located  with  regard  to  water  transportation  routes  as  to 
be  of  more  than  local  importance.  The  quarry  most  favored  in 
this  respect  is  King's,  located  near  Garrison,  Putnam  co.  Two 
quarries  near  Lake  Mohegan,  Westchester  co.,  are  of  interest 
because  of  the  importance  of  the  works  in  which  their  product 
is  used,  as  they  supply  respectively  the  new  Croton  dam  at 
Quaker  Bridge  and  the  Cathedral  of  St  John  the  Divine  in  New 
York  city. 

New  Rochelle,  Westchester  co.  Ash^s  quarries.  Edwin  Ash  of 
New  Eochelle  works  a  group  of  small  quarries  (28)  in  the 
granite  area  northeast  of  that  village.  The  poorer  grade  of 
stone  is  sold  as  foundation  stone  at  75c  to  f  1  a  load.  The  bet- 
ter grades  he  uses  himself  on  monument  work.  The  granite  of 
this  area  is,  in  general,  of  very  poor  quality.  It  is  often  much 
foliated  and  contorted.  Veins  and  pockets  of  pegmatitio 
material  are  scattered  through  it  profusely.  A  slide  showed 
feldspar,  quartz  in  subordinate  amount,  biotite  present  bmt  not 
in  great  quantity  and  a  few  large  flakes  of  muscovite.  The 
feldspars  present  were  plagioclase,  microline  and  orthoclase. 
Fe'W  minor  accessories  were  present.  The  components  noted 
above  place  this  rock  between  the  granites  and  the  quartz 
diorites.  The  feldspars  were  much  clouded.  The  stone  is 
hardly  suitable  for  building  purposes  for  though  the  outcrops 
do  not  seem  to  be  much  disintegrated,  yet  the  stone,  in  hand 
specimens  or  the  mass,  does  not  have  a  firm  and  durable 
appearance. 

Mount  Vernon,  Westchester  co.  Fairchild's  quarry  (27)  is 
-owned  by  Fairchild  Bros,  of  Mount  Vernon.  The  quarry  is  an 
opening  about  200  feet  long  (east  to  west),  60  feet  wide  and 
35  high,  situated  on  the  southern  face  of  a  ridge  near  East 
Mount  Vernon.  The  rock  is  a  bluish,  very  tough  and  compact 
granite.  Slides  show  microline  to  be  the  predominant  feldspar, 
with  some  orthoclase  and  a  little  plagioclase.  Muscovite  is  in 
^ong  coarse  flakes  and  biotite  in  smaller  flakes  are  present  in 
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about  equal  quantity.  The  grain  is  small  and  the  feldspars 
fairly  fresh.  The  rock  is  so  thinly  and  irregularly  jointed  that 
it  is  not  much  used  for  building  stone.  Even  with  great  care, 
not  over  5^  to  lOj^  of  the  total  product  could  be  gotten  out  in 
targe  enough  blocks  to  use  for  structural  purposes.  At  present 
it  is  crushed  at  the  quarry  and  sold  for  local  u«e  as  macadam. 
A  40  horse  power. boiler  runs  the  drills  (McKiernan)  and  a 
Brennan  crusher  (18  horse  power  engine).  The  crusher  can 
turn  out  50  to  65  yards  of  crushed  stone  a  day.  The  stone  was 
first  used  in  building  macadam  roads  in  1891.  It  waB  found 
thast  the  granite  does  not  grind  up  into  impalpable  dust  as  does 
trap  or  limestone  but  in  dry  weather  loosens  up  into  a  heavy 
-dust  about  the  character  of  coarse  sugar,  and  on  being  watered 
packs  down  again  into  a  hard  road.  The  roads  in  their  wearing 
quality  have  exceeded  expectations,  particularly  where  the  road- 
bed was  on  wet  soil.  The  white  color  of  the  road  is  somewhat 
objectionable  during  the  summer  on  account  of  the  glare. 

Lake  Hohegan,  Westchester  co.  Intrusive  granites  are  being 
-extensively  quarried  at  two  points  about  1  mile  south  of  Lake 

Mohegan.    All  the  product  of  both  quarries  is  used  as  cut  stone, 
» 

that  from  the  northern  quarry  (30)  in  the  new  cathedral  (St 
John's)  in  New  York  city,  while  that  from  the  southern  quarry 
(29)  is  used  on  the  new  Croton  dam  at  Quaker  Bridge.  The 
frtone  is  a  yellowish  to  pinkish,  medium  grained  granite,  dis- 
colored in  places  apparently  by  decay  of  its  contained  biotite. 

Churrisons,  Putnam  co.  King's  quarry  (31)  is  located  about  2^ 
miles  south  of  Garrisons,  Putnam  co.,  and  J  mile  east  of  the 
Hudson  river.  It  is  owned  by  the  King  granite  co.  and  is  at 
present  operated  under  lease  by  Doern  &  Sons  of  New  Rochelle 
N.Y. 

The  opening  is  about  300  by  200  feet  in  area  and  50  feet  deep. 
Little  water  is  encountered.  The  rock  is  a  fine  grained,  light 
gray  granite,  intrusive  in  the  pre-Cambrian  gneiss,  and  is  shown 
in  section  on  pi.  52.  The  main  set  of  joints  strike  nearly  north 
and  south,  and  dip  about  70°  to  the  east.    A  prominent  hori- 
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zontal  series  of  joints  divides  the  rock  into  "  lifts ''  from  1  to  8 

feet  thick. 

Black  powder  is  used  in  blasting,  the  holes  being  put  in  by 

Ingersoll  steam  drills,  three  of  which  are  in  use.    Three  derricks 

are  in  place  at  the  quarry.    By  means  of  these  the  stone  is  lifted 

to  the  ground  level  and  run  on  little  trucks  down  a  tramway  to 

the  dressing  sheds.    Little  polished  stone  is  sold,  the  greater 

part  of  the  product  being  patent  hammered.    10  cut  work  is  the 

finest  done;  6  cut  is  about  the  average  finish.    At  present  no 

paving  blocks  are  made  up.    35  to  40  men  are  employed  through 

about  10  months  of  the  year,  in  the  quarry,  dressing  sheds  and 

loading.     The  quarry  and  dressing  sheds  are  shown  on  pi.  53. 

From  the  dressing  sheds  the  stone  is  transported  by  wagon 
to  the  river  where  a  derrick  is  used  in  unloading  it  from  the 
wagons  and  placing  it  on  the  scows. 

Among  the  buildings  recently  erected  of  stone  from  this 
quarry  are  a  church  and  a  school  building  at  Tarrytown,  St 
Joseph's  church  (Tremont  av.  and  Washington  st.  New  York),  the 
powder  magazines  at  lona  Island  and  the  guardhouse  at  West 
Point. 

Round  island,  Rockland  co.  A  granite  quarry  (31a)  operated  by 
Daniel  E.  Donovan  on  Round  island  has  furnished  large  quan- 
tities of  road  metal. 

The  chemical  composition  of  this  granite  is  shown  by 
analysis^  to  be : 

Si02 63.19 

AI2O3 10.5  1 

Fe2  03 10.97 

Fe  O I.5I 

Ca  O 6.12 

MgO. 1;44 

K2O 4.02 

Na2  0 1.92 

Pine  Island,  Orange  co.  Granite  quarries  have  been  operated 
on  Mt  Adam  (33),  Mt  Eve  (34)  and  Pochuck  mountain  (32). 

*U.  S.  geol.  sur.  20th  an.  rep't.    Pt  6,  continued,  p.  421. 
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The  granite  quarried  by  the  Pochuck  granite  co.  was  tested^ 
by  Prof.  J.  P.  Carlin,  with  the  following  results. 

Compression  tests  of  granite 


Kow 

8>xe  of  cube  Id  inches 

Area 

First  crack  at 

Ultimate  Btrengih 

Total 

per 
sq.  Inch 

1 
2 

2.02  by  1.98  by  2 

2by2.1by2  

4  sq.  in. 
4.2  sq.  in. 

66  500  lb 
74  0001b 

94  000 
96  000 

23  500 
22  900 

Harrison  diorite 

The  Harrison  diorite  is  a  medium  grained  granite  diorite, 
containing  typically  quartz,  plagioclase  (with  subordinate  ortho- 
clase  and  microcline)  and  biotite.  In  Westchester  county  it 
covers  a  large  part  of  the  towns  of  Mamaroneck,  Eye  and  Har- 
rison, and  the  same  area  extends  eastward  into  Fairfield  county, 
Ct.  as  far  as  Stamford.  In  the  New  York  portion  of  the  area 
it  is  intrusive  in  the  Hudson  schist. 

In  that  part  of  the  Harrison  diorite  area  which  falls  in  West- 
chester county  the  diorite  is  generally  highly  foliated  and  oft^ 
somewhat  disintegrated  on  the  outcrop.  It  is  only  quarried  at 
one  point  in  the  area,  which  is  described  below.  Several  Con- 
necticut quarries  are  also  noted. 

Larchmont,  Westchester  co.  Campbell's  quarry  (35)  is  owned 
and  ojyerated  by  W.  H.  Campbell  of  Larchmont.  All  the  product 
80  far  ha8  been  used  on  buildings  erected  by  Mr  Campbell.  The 
quarry  has  been  worked  for  about  four  years,  and  the  total  out- 
put is  estimated  at  4000  cubic  yards.  This  is  all  used  as  dressed 
stone  (bush  hammered).  The  stone  is  of  good  quality.  It  is 
not  much  foHated,  and  has  a  rather  pleasant  bluish  color.  It 
is  said  to  stand  dressing  well.  In  addition  to  the  quartz  and 
plagioclase,  however,  it  contains  much  biotite  and  numerous 
garnets  about  i  inch  in  diameter.  Sheared  orthoclase  is  very 
infrequent.  In  a  slide  the  feldspars  are  seen  to  be  somewhat 
clouded  but  the  biotite  is  very  fresh. 

*U.  S.  geol.  sur.  20th  an.  rep't    Ft  6,  continued,  p.  421. 
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East  Fortchester,  Fairfield  co.  Ct.  A  small  quarry  (36)  in  Har- 
rison diorite  is  worked  by  Antonio  D.  Parlo  &  Son  near  the  cor- 
ner of  Henry  st.  and  Bridge  St.,  Port  Chester.  This  quarry  is  on 
the  Connecticut  side  of  the  line  but  is  included  here  for  com- 
pleteness. The  total  product  is  probably  less  than  500  cubic 
yards  a  year,  including  macadam,  rough  stone  and  a  small 
amount  of  bush-hammered  (patent  hammered)  stone.  A  granite 
dike  about  10  feet  wide  cuts  the  diorite  near  the  ojyening  and 
material  from  it  is  occasionally  used  by  the  above  firm. 

Greenwich,  Fairfield  co.  Ct.  Large  quarries  (37)  in  the  Harrison 
diorite  are  located  just  south  of  the  New  York,  New  Haven  & 
Hartford  railroad  tracks,  between  Port  Chester  N.  Y.  and 
Greenwich  Ct.  The  diorite  is  here  much  more  massive  than  in 
the  New  York  portion  of  the  area  and  has  long  been  valued  as 
a  building  stone.  The  facilities  for  shipping  are  excellent,  the 
quarries  being  almost  at  the  water's  edge.  The  diorite  area 
extends  to  near  Stamford,  and  small  quarries  (38)  occur  at  sev- 
eral points  within  its  boundaries. 

Cortlandt  series:  gabbro  and  diorites 
The  dark  colored,  basic  rocks  of  the  Cortlandt  series  cover  an 
area  of  about  20  square  miles  in  the  towns  of  Cortlandt  and 
Yorktown,  Westchester  co.  Much  of  the  material  is  suitable 
for  use  as  macadam,  but  unfortunately  the  best  material  is  not 
near  the  Hudson  river.  Much  stone  has  been  quarried  (39)  near 
Quaker  Bridge,  Westchester  co.,  for  use  in  the  new  dam  across 
the  Croton  river.  This  rock  has  been  reported  on  by  Prof.  J.  K. 
Kemp.    An  analysis^  made  for  him  by  H.  T.  Vult^,  follows : 

Si  O2 54.72 

AI2  O3 17:79 

re2  03 2.08 

FeO - 6.03 

€a  O 6.84 

MgO 5.85 

^2  0 3  02 

K2  0 8.01 

The  specific  gravity  of  the  above  rock  is  stated^  as  being  2.928. 
^Kemp.    Handbook  of  rocks.    Ed.  2.    1900.    p.  49. 
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A  mica  diorite  of  the  Cortlandt  series  was  tested^  for  com- 
pressive strength,  crushing  at  20,250  lb  a  square  inch. 

Newark  diabase 

The  "  trap  "  of  the  Newark  system  has  been  long  known  as  a 
valuable  road  metal.  Large  quarries  (40)  in  this  rock  are  located 
north  of  Nyack,  Rockland  co. ;  while  a  quarry  (41)  has  been 
recently  oi)ened  near  Mt  Ivy,  Rockland  co.  Tests  of  material 
from  several  of  these  quarries  will  be  found  recorded  on  p. 
rl4-r22  of  this  volume. 

SANbSTONBS  t  INCLUDING  SHALBS 

Foughquag  quartzite 

In  Westchester  county  the  Poughquag  quartzite  is  a  very 
hard  and  compact  siliciously  cemented  sandstone,  occurring  at 
the  contact  between  the  Fordham  gneiss  and  Stockbridge  lime- 
stone. The  formation  has  a  thickness  of  at  least  30  feet  near 
Hastings  but  thins  out  on  going  south  or  east.  The  rock  is  pre- 
vailingly light  colored  and  very  evenly  and  thinly  bedded,  the 
«labs  varying  usually  from  i  inch  to  2  inches  in  thickness.  This, 
with  the  closeness  of  its  jointing,  usually  prevents  even  moder- 
ate sized  blocks  from  being  obtained.  The  rock  therefore, 
though  highly  durable,  is  of  little  economic  importance.  It  has 
Tjeen  used  however  as  coping  for  a  retaining  wall  on  Warburton 
«,venue  near  Hastings.  At  this  point  it  was  obtained  in  slabs 
about  4  feet  by  3  feet  by  3  inches  and  makes  an  ideal  coping. 

Near  Adams  Corners  in  Putnam  county  is  a  small  quarry  in 
this  formation  (43).  One  of  the  openings,  now  almost  hidden  by 
vegetation,  is  shown  on  pi.  55.  The  product  was  used  for  fur- 
nace lining. 

Hudson  shales  and  sandstones 

Prof.  William  B.  Dwight  states  that  in  Dutchess  county  the 
rsandstone  of  the  Hudson  formation  is  everywhere  fine  grained 
and  very  irregularly  bedded;  and  that  it  is  of  only  local  use  as 
building  stone.  Quarries  in  the  thicker  beds  have  been  worked 
near  Highland,  Ulster  co. ;  and  the  shales  of  the  formation  have 
l)een  quarried  to  some  extent  in  Orange  county  for  use  as  road 
metal. 


*  Newberry.    School  of  mines  quarterly,  July  1887. 
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Green  Fond  conglomerate 

Central  Valley,  Orange  co.  The  Green  Pond  conglomerate  ha» 
been  used  to  a  small  extent  for  foundation  and  wall  stone.  The 
small  bridge,  one  arch  of  which  is  shown  on  pi.  56,  is  located  near 
Central  Valley,  Orange  co.  and  was  built  under  the  direction  of 
Mr  Richard  Ficken  from  blocks  of  Green  Pond  conglomerate. 
Used  in  the  manner  shown,  it  is  a  decidedly  attractive  material 
and  much  preferable  to  the  rough  dressed  limestones  so  often 
used  for  similar  bridges  and  walls. 

Fine  Hill  quartzite 

The  white  and  red  quartzites  of  the  Pine  Hill  formation  are 
well  exposed  along  the  crest  and  at  the  southern  end  of  Pine 
hill.  They  have  been  little  used,  as  their  hardness  makes  dress- 
ing diflScult.  It  is  probable  that  they  could  be  profitably  ex- 
ploited, and  that  stone  of  this  quality  and  color  would  fl^d  a 
ready  market  in  New  York  city. 

Longwood  red  shales 

Highland  liiills,  Orange  co.  Several  quarries  (46)  in  this  forma- 
tion along  the  west  side  of  Pine  hill,  near  its  southern  end,  are 
worked  rather  extensively.  The  red  shales  are  used  on  most  of 
the  roads  in  the  neighborhood,  and,  for  light  traflSc,  are  an 
admirably  road  metal.  Under  heavy  traffic,  however,  specially 
in  wet  weather,  they  grind  up  into  a  fine  stiff  clay. 

Bellvale  flags 

Monroe,  Orange  co.  Two  quarries  in  the  Bellvale  flags  are  near 
Monroe.  The  first,  the  Davison  quarry  (45),  is  located  near  the 
Seven  Springs  Mountain  house;  the  second,  that  of  O.  H.  Cooley 
(44),  is  nearer  Monroe.  The  beds  worked  at  both  quarries  are 
thin  and  irregularly  bedded  flagstones,  gray  in  color,  and  with 
much  waste  material.  The  quarries  have,  however,  furnished  a 
considerable  amount  of  material  for  local  use  as  steps,  curbing, 
flagging,  etc.,  as  no  other  material  suitable  for  these  purposea 
occurs  in  the  vicinity. 
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Newark  sandstone 

Nyack  and  Haverstraw,  Bockland  co.  The  reddish  brown  sand- 
•stones  of  the  Newark  system  were  formerly  quarried  (47)  exten- 
sively in  Rockland  county.  At  present  the  product  is  still  of 
some  importance,  but  is  used  locally  only. 

lilMBSTONKSt  INCLUDING  MARBLKS 

Cambro-Silurian  ( ?)  limestones  of  the  Highlands 

Several  of  the  areas  of  white  limestone  in  the  Highlands  of 
Putnam  and  Orange  counties  have  been  worked  for  lime;  a  few 
have  furnished  stone  for  local  building  purposes.  The  only 
quarry  of  sufficient  interest  to  warrant  notice  here  is  described 
telow. 

Cold  Spring,  Putnam  co.  Heustis's  quarry  (49),  which  has  not 
been  worked  for  many  years,  is  located  about  4  miles  northeast 
of  Cold  Spring,  Putnam  co.  The  product,  a  serpentine  marble, 
was  obtained  from  an  outcrop  of  limestone  on  the  western  bank 
of  a  small  brook.  In  the  brook  thin  bedded  quartzite  api)ears. 
As  both  limestone  and  quartzite  can  be  traced,  though  with 
frequent  breaks,  to  the  northward,  till  the  valley  opens  out  into 
the  great  Paleozoic  plain  of  Dutchess  county,  it  seems  prob- 
able that  they  are  merely  very  highly  crystalline  representa- 
tives of  the  Stockbridge  limestone  and  Poughquag  quartzite 
respectively.  At  Heustis  quarry  the  marble  is  heavily  charged 
with  silicate®,  whose  presence  may  be  attributed  to  the 
intrusion  of  a  dike  of  red  granite  which  outcrops  near  the 
quarry.  The  seri)entinous  portions  of  the  marble  are  not  suffl* 
eiently  large  or  firm  to  warrant  exploitation  and  the  quarry  is 
merelv  of  historic  interest. 

Stockbridge  and  Bamegat  limestones 

The  Stockbridge  limestone  was  formerly  highly  esteemed  as  a 
structural  stone,  and  many  quarries  worked  it  for  such  use.  Of 
late  years,  however,  its  popularity  has  declined,  and  only  one 
limestone  quarry  is  now  producing  building  stone  in  the  area 
under  discussion. 
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The  rock  is,  however,  of  great  value  for  other  purposes.  Id 
its  less  crystalline  condition  (as  shown  at  Tomkins  Cove  and 
Stoneco)  it  is  very  important  as  a  source  of  road  metal.  A 
iiumber  of  quarries  are  still  working,  but  only  one  produces^ 
building  stone.  The  others  crush  the  material,  either  selling 
'it  as  marble  dust,  for  use  in  the  manufacture  of  carbonated 
waters  and  also  in  asphalt  paving  mixtures;  or  burning  it  into 
lime,  to  be  used  for  chemical  or  structural  purposes.  Wherever 
a  magnesia  lime  is  serviceable,  the  product  of  these  quarries^ 
can  be  utilized.  In  early  times  lime  was  burnt  at  several  points 
between  Yonkers  and  Lowerre,  as  well  as  north  of  Spuyten 
Duyvil,  several  old  kilns  still  being  visible  near  the  Hudson 
river. 

Tuckahoe.  Westchester  co.  Norcross  Bros,  qtmrry.  This,  the  north- 
ernmost (53)  of  the  principal  quarries  at  Tuckahoe,  was  opened 
in  1854.  It  was  worked  by  A.  Maxwell,  then  by  A.  T.  Stewart, 
and  is  noted  in  Smock's  report  as  the  Stewart  quarry.  It  is 
now  operated  by  Norcross  Bros,  under  the  superintendency  of 
Mr  J.  M.  Masterton.  The  quarry  is  opened  for  a  distance  of 
about  600  feet  along  the  strike  and  is  150  feet  wide  and  70  deep. 
No  lime  is  burned  and  all  the  product  is  marketed  as  dressed 
stone.  During  the  entire  time  of  its  working,  the  maximum 
annual  production  was  about  60,000  or  70,000  cubic  feet.  Dur- 
ing late  years  the  principal  buildings  supplied  were  the  Home 
Life  (rebuilding),  the  Clark  mansion  (80th  st.  and  Riverside 
drive),  and  the  New  York  Life — all  in  New  York  city. 

Three  boilers  are  in  service — one  100  horse  power  in  the  mill^ 
and  an  80  horse  power  and  50  horse  power  in  the  quarry.  The 
water  is  obtained  from  a  spring  in  the  quarry  and  requires  no 
treatment.  An  air  compressor  is  used,  which  runs  the  drills 
and  the  pneumatic  tools  in  the  mill.  The  compressor,  drills, 
quarry-bar  and  gadders  are  Ingersoll-Sergeant;  the  six  chan- 
nelers  are  Sullivan.  In  the  mill  are  seven  gangs  of  saws,  four 
planers,  three  turning  lathes  and  three  rubbing  beds. 

The  dip  is  steep,  70°  or  so  to  the  west.  In  the  more  openly 
bedded  parts  of  the  quarry  wedges  are  used  to  separate  the 
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slabs.  In  closely  bedded  parts  channelers  make  cuts  12  feet 
deep  and  2  inches  wide,  on  the  dip.  These  cuts  are  put  in  about 
42  inches  apart.  Gadders  or  drills  mounted  on  quarry  bars  are 
then  used  to  put  in  rows  of  horizontal  holes  at  right  angles  to 
the  strike.  Wedges  in  these  holes  release  the  stone  in  slabs 
of  the  desired  size.  Powerful  derricks  then  lift  the  blocks  to 
the  level  of  the  mill.  After  dressing  it  is  sent  down  a  side  track 
to  the  Harlem  railroad  above  Tuckahoe.  No  explosives  are 
used. 

Tuckahoe  marble  compam/s  quarry.  This  (52)  is  next  south  of 
the  above,  is  idle  now,  and  has  not  been  worked  for  five  years  or 
more. 

jVeic  York  quarry  co.  This  quarry  (51)  is  the  southernmost  of 
the  Tuckahoe  quarries  and  was  formerly  known  as  the  Master- 
ton  quarry.  One  of  its  two  openings  is  idle,  the  other  and 
larger  is  worked  under  lease  by  O'Connell  &  Hillery,  the  stone 
being  crushed  for  "  marble  dust "  or  burned  into  lime.  The 
rock  is  blasted,  hammer-broken  into  pieces  of  convenient  size 
and  carried  by  cableway  to  the  kilns. 

Analyses  of  the  stone  from  the  O'Connell  and  Hillery  quarry 
follow.  Several  of  these  have  been  erroneously  quoted  in  dif- 
ferent state  and  federal  publications,  the  analysts'  names  being 
given  incorrectly  and  the  analyses  being  referred  to  the  Nor- 
cross  quarry. 


Si  02-.... 
AI2O3-... 
FeaOs.... 
CaCOs-.. 

CaO 

Mg  CO3.  - 

MgO 

CO2 

Insoluble, 


.21 

30*68 


20.71 

46-66 

1.33 


2.4 
2.15 
83.36 


12.09 


70.1 
25i4' 


.21 
.19 
.21 


30.16 


21.25 
47.3 


1  W.  F.  Hillebrand,  analyst,  1887. 

2  H.  L.  Bowker,  analyst,  1894. 

3  17th  an.  rep^t  U.  S.  geol.  siir.  pt  3,  p.  796. 

4  P.  de  P.  Ricketts,  analyst,  1887. 
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White  Plains,  Westchester  co.  A  quarry  (57)  has  been  opened  in 
the  Stockbridge  limestone  just  west  of  the  tracks  of  the  New 
York  and  Harlem  railroad  and  about  1  mile  north  of  White 
Plains.  It  is  operated  by  James  O'Connell.  All  the  rock  quar- 
ried  is  burned  into  lime  or  used  as  crushed  limestone.  Views  at 
this  quarry  are  shown  on  pi.  57  and  58.  An  analysis  of  the  lime- 
stone, made  by  Huntington  in  1899  follows: 

SiOg 2.08 

AI2O3  and  Fe203 56 

CaCOa 58.72 

MgCOa 37.79 

(Available  CO2 45.57) 

Hastings,  Westchester  co.  At  Hastings  the  old  quarry  (55)  is 
unworked,  and  is  merely  of  historic  interest.  West  of  the  old 
Croton  aqueduct  a  quarry  was  opened  in  a  thin  bedded  and 
brownish  limestone,  very  micaceous.  The  product  was  intended 
for  the  asphalt  blocks  of  the  Hastings  paving  co.  but  proved 
unsatisfactory. 

Pleasantville,  Westchester  co..  Several  large  quarries  (58)  in  the 
Stockbridge  limestone  are  located  south  of  Pleasantville,  near 
Unionville  station.  The  product  has  been  largely  used,  both 
for  structural  purposes  and  for  burning  into  lime.  The  marble 
from  these  quarries  is  coarser  grained  than  that  from  Tucka- 
hoe,  and  lost  public  favor  earlier.  The  lime  quarries  and  kilns, 
however,  have  been  worked  till  lately.  Analyses  of  Pleasant- 
ville limestone  follow: 


Si  O2  .. 
AI2  O3 . 
Fe2  O3. 
CaGOa 

MgCOa 


* 

1 

2 

2.31 

.1 

.49 

.07 

.25 

.16 

59.84 

54.62 

36.8 

45.04 

8 


.29 


54.8 
43.11 


1  H.  Ries,  analyst,  N.  Y.  state  mus.  51st  an.  rep*t,  p.  466. 

2  **  Columbia  college,"  Q.  S.  geol.  snr.  16th  rep*t,  pt  3,  p.  468. 

3  Wilber,  analyst,  N.  Y.  state  mus,  Bui.  10. 

Ossining,  Westchester  co.     Marble  was  formerly    quarried    on 
land  belonging  to  the  state  near  Ossining.    The  following  anal- 
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I.  O.  Eckel.  pbolD. 

O'Connoll'B  quarry,  near  White  I 

Vie?  o[  elevator,  kllDa 
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B.  G,  Eckel,  photo. 


I's  quarry,  near  White  Plalae  N.  Y. 
View  ot  main  opening 
(StockbrldEe  IIOKBtane) 
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ysis  of  "  marble  from  Sing  Sing,"  is  given  b}^  L.  C.  Beck^  and  ap- 
parently is  of  material  from  this  quarry. 

CaCOg ^. 53  24 

MgCOa 45.89 

8i02,A103,Fe203 87 

Two  large  quarries  (60,  Gl)  in  the  Stockbridge  limestone  have 

long  been  worked   near  Ossining,  part   of  the  product  being 

shipped  for  use  as  flux  and  part  being  burned  into  lime.     These 

quarries  are  worked  by  Henry  Marks  and  the  Sing  Sing  lime 

CO.,  respectively.     Analyses^  of  the  rock  follow. 

Si02 98       .87 

AI2O3 .84  .57 

Fe203 3  .25 

€aO 31.4  31.4 

MgO 16.96  19.95 

Oscawana,  Westchester  co.  Tat's  quarry  (C5)  is  located  about  2 
miles  northeast  of  Oscawana  station.  Verv  little  stone  has 
been  taken  out  and  the  opening  is  not  at  present  worked.  The 
product  is  a  very  white  and  very  fine  grained  marble.  The 
quarry  could  not  be  closely  examined  when  visited,  as  the  open- 
ing was  filled  with  water,  but  if  blocks  of  large  size  can  be  ob- 
tained the  product  should  be  readily  marketable,  as  the  quality 
is  excellent,  so  far  as  color  and  grain  are  concerned. 

Bedford,  Westchester  co.  Several  small  quarries  (62)  east  and 
northeast  of  Bedford  in  the  Stockbridge  limestone,  were  for- 
merly worked,  the  product  being  burned  into  lime  for  local  use. 

Armonk,  Westchester  co.  Quarries  just  north  of  the  Connecti- 
cut line  were  formerly  worked  rather  extensively,  all  the  pro- 
duct being  burned  into  lime. 

Golden's  Bridge,  Westchester  co.  Todd's  quarry  (64)  is  situated 
about  3  miles  east  of  Golden's  bridge.  It  is  a  snmll  quarry,  in 
a  rather  highly  contorted  limestone,  and  has  not  been  worked 
for  the  past  10  jears.  The  stone  does  not  appear  to  be  fit  for 
cutting,  though  a  mill  is  located  near  the  opening. 

Marble  has  been  quarried  at  Patterson  and  Towners  (66),  Put- 
nam CO.;  but  the  product  was  not  large  and  the  quarries  have 

been  idle  for  some  vears. 

»•  

^  N.  Y.  geol.  sur.    3d  rep't.     1839.     p.  19. 

=  Ries.     N.  Y.  state  geol.     17th  an.  rep't.     1899. 
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South  Dover,  Dutchess  co.  The  South  Dover  marble  co.  operates 
a  large  quarry  (67)  about  2  miles  northeast  of  Wing  station.  The 
product,  all  of  which  is  used  for  structural  purposes,  is  carried 
to  the  railroad  at  Wing  on  an  electric  trolley  road  built  by  the 
company  for  that  purpose.  An  analysis  of  the  marble  made  by 
Ricketts  and  Banks  follows: 

Si02 I    .7 

Fe203 25 

A1203 37 

CaO 30.6a 

MgO 20.25 

Na20 .12 

K2O i        .4^ 

Dover  Plains,  Dutchess  co.    This  quarry  was  not  visited  by  the 

writer,  and  the  following  description  is  therefore  quoted  from 

Ries.i 

At  Dover  Plains,  G-.  &  J.  H.  Ketcham  have  operated  a  quarry 
along  the  highroad  i  mile  southeast  of  the  town.  The  rock  is  a 
soft,  fine  grained  dolomite  of  gray  or  white  color.  The  opening 
is  about  200  feet  long,  20  to  30  feet  wide  and  10  feet  deep.  No 
analysis  was  made  of  the  stone  but  several  samples  were  ex- 
amined to  determine  their  insoluble  matter,  which  ran  from  2  to 
3  per  cent. 

Small  marble  quarries  have  been  operated  at  several  other 
points  in  eastern  Dutchess  county,  notably  near  Pawling  and 
Dover. 

Stoneco,  Dutchess  co.  Large  quarries  (68)  in  the  blue  silicious 
limstone  have  been  opened  on  Clinton  point,  on  the  east  side  of 
the  Hudson  river,  north  of  New  Hamburg.  These  quarries  are 
operated  by  the  Hudson  River  stone  supply  co.  All  the  product 
is  used  as  road  metal,  to  which  use  it  is  particularly  well  adapted. 
Samples  from  these  quarries  have  been  tested  for  binding 
power,  wear,  etc.,  and  the  results  of  these  tests  will  be  found 
reported  on  p.  rl4-r22  of  this  volume. 

Ries  gives  the  following  analysis  of  the  limestone  from  Clinton 
point. 
Si02 10.17 

AI2O3 2.33 

Fe203 ^7 

*Ries.    N.  Y.  state  geol.    17th  an.  rep't.    1899. 
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CaO 29.0T 

MgO 16.2&' 

CO2 40.76^ 

Tomkins  Cove,  Rockland  co.  The  Tomkins  Cove  stone  supply  co^ 
operates  extensive  quarries  (78),  shown  on  pi.  60,  at  this  point  oa 
the  west  shore  of  the  Hudson  river.  The  material  quarried  is^ 
a  light  blue,  silicious  limestone  of  the  Stoekbridge  formation'. 
The  entire  product,  which  is  very  large,  is  used  for  road  metaL 
Ries^  gives  the  following  analysis: 

Si02 12 

AI2O3 4.13: 

Fe203 1.05- 

CaO 26.34 

MgO 16.74 

CO2 39.1 

Newburg,  Orange  co.  Miller's  quarry  (72)  is  located  southwest 
of  Newburg  on  the  flank  of  Snake  hill.  The  product,  a  blue  mag- 
nesian  limestone,  is  mostly  burned  into  lime,  though  also  used 
locally  for  structural  work. 

An  analysis  of  the  limestone  from  Miller's  quarry  is  given  by 
Ries.i , 

Si02 10.46 

AI2O3 1.9a 

Fe203 1.8 

CaO 27.75^ 

MgO 17.6& 

CO2 40.99^ 

Roseton,  Orange  co.  A  small  quarry  (79)  in  the  blue  Barnegat 
limestone  near  Roseton  has  been  worked  irregularly  but  is  not 
at  present  producing. 

Newburg  Junction,  Orange  co.  The  limestone  quarry  (69)  just 
east  of  the  railroad  at  Newburg  Junction,  Orange  co.,  show» 
Cambro-Silurian  blue  limestone,  with  interstratified  black  and 
yellow  shales.  Pre-Cambrian  gneiss  is  shown  on  the  upper  edge 
of  the  eastern  wall  of  the  opening.  The  quarry  is  not  at  present 
worked  but  has  supplied  a  considerable  amount  of  material  both 
for  lime  and  flux.  It  is  possible  it  will  furnish  macadam  for 
roads  in  the  vicinity. 


-r 


^Ries.     N.  Y.  state  geol.     17th  an.  rep't.     1899. 
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Johnsons,  Orange  co.  A  small  quarry  in  the  blue  limestone, 
situated  about  2  miles  north  of  «Tohnsons,  in  the  town  of 
Wawayanda,  is  worked  at  intervals  for  stone  and  lime.  The 
quarry  is  located  on  land  owned  by  S.  M.  House,  and  is  worked 
by  Wilber  Brown.  Most  of  the  product  is  burned  into  lime  and 
used  locally. 

New  Milf ord.  Orange  co.  Several  small  quarries  in  the  Barnegat 
limestone  are  located  within  a  few  miles  of  New  Milford.  They 
are  worked  only  at  intervals,  and  the  product  is  chiefly  used  for 
foundation  stone. 

Monroe,  Orange  co.  A  small  quarry  (70)  has  been  worked  about 
a  mile  south  of  Monroe.  The  product  was  used  locally  for  foun- 
dation and  retaining  wall  work. 

Warwick,  Orange  co.  Limestone  is  quarried  near  Warwick  by 
Thomas  Burt.  The  product  is  small,  the  quarries  being  worked 
only  at  intervals,  and  is  mostly  used  for  structural  work.  It  is  the 
usual  blue  magnesian  (Barnegat)  limestone. 

Newark  limestone  conglomerate 

Along  its  contact  with  the  pre-Cambrian  and  Paleozoic  rocks, 
the  lower  beds  of  the  Newark  system  are  frequently  conglomer- 
atic. In  certain  localities  the  included  pebbles  are  limestone, 
and  in  a  few  places  the  calcareous  portion  of  the  conglomerate 
is  so  much  larger  in  amount  than  the  shaly  matrix  as  to  permit 
the  use  of  these  rocks  for  lime.  A  characteristic  exposure  of 
this  conglomer<ate  is  shown  on  pi.  61.  Several  old  quarries 
(80,  81)  are  located  in  Rockland  county  along  the  northern  bor- 
der of  the  Newark  beds,  and  lime  was  formerly  burned  at  these 
points. 
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RECENT  DEVELOPMEiNTS  IX  THE  GYPSUM  INDUSTRY  IN 

NEW  YORK  STATE 

BY  ARTHUR  L.  PARSONS 

Gypsum  deposits  of  Fayetteville 

The  quarries  at  Fayetteville  are  located  about  2  miles  south- 
west of  the  village  and  are  situated  on  two  knolls. 

Five  companies  have  quarries  here:  the  National  wall  plaster 
CO.  and  the  Adamant  wall  plaster  co.  of  Syracuse,  Mr  F.  M.  Sever- 
ance, Mr  0.  A.  Snooks  and  Mr  C.  Snooks  of  Fayetteville.  The 
latter  two  have  small  quarries. 

The  oldest  quarry  is  that  of  Mr  Severance,  which  has  been 
worked  more  than  60  years.  The  bed  of  gypsum  in  this  quarry 
is  about  60  feet  thick  and  consists  of  eight  layers  varying  in  thick- 
ness from  18  inches  to  30  feet.  It  is  covered  with  about  40  feet 
of  shaly  rock,  together  with  hydraulic  limestone. 

The  plaster  rock  varies  in  color  from  light  drab  in  the  cap  to  a 
dark  brown  (iron  layer),  all  forms  becoming  lighter  on  exposure 
to  air.  The  so-called  "  slate ''  consists  of  fibrous,  scaly,  and  other 
forms  of  gypeum;  the  remaining  beds  consist  almost  entirely  of 
compact  gypsum. 

The  specific  gravity  varies  from  2.68  in  the  9  foot  layer  to  2.33  in 
the  slaty  layer. 

The  composition  is  nearly  uniform,  consisting  of  calcium  sul- 
fate, 80;^  to  90^',  calcium  carbonate,  a  trace;  magnesium  carbon- 
ate, 5^  or  less;  alumina,  10^'  or  less.  The  amount  of  carbonates 
is  greatest  in  the  iron  layer,  showing  effervescence  in  the  mass. 
It  is  nearly  as  abundant  in  the  cap  layer;  it  is  least  in  the 
crystalline  layer  (the  so-called  **  slate  ").  In  none  of  the  layers 
is  the  quantity  sufficient  to  prove  detrimental.  To  quarry  this 
gypsum,  the  slate  rock  above  must  be  stripped.  This  stripping 
is  accomplished  after  a  portion  of  the  quarry  has  been  worked 
out,  by  blasting  out  a  layer  of  marlite  about  4  feet  in  thick- 
ness immediately  above  the  plaster  rock.  When  sufficient  has 
been  blasted,  the  overlying  ^'  slate  "  falls  down  into  the  hole 
from  which  the  gypsum  has  been  removed,  and  the  new  part 
exposed  can  be  quarried  without  remo\m^  ^et^  \s^w^^  <^\  "Ossfe 
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strippings.    Mr  Severance  claims  that  he  has  to  remove  only 
about  one  third  of  the  stripped  rock. 

When  quarrying  the  gypsum,  three  beds  are  recognized  by  the 
quarrymen.  The  upper  bed  is  the  lightest  of  the  three  and  is 
about  30  feet  thick.  The  lower  beds  are  of  darker  color,  showing 
more  marked  strata  of  light  and  dark  gypsum.  The  lowest  bed 
is  not  always  taken  out,  on  account  of  its  poorer  quality.  The 
product  of  this  quarry  is  sold  entirely  to  four  firms:  Mr  T.  W. 
-Sheedy,  and  Bangs  &  Gaynor  of  Fayetteville,  Gage,  Porter  &  Co., 
Pulton  N.  Y.,  and  Craig  &  Ballanger  of  Canajoharie  N.  Y. 

The  local  mills  are  furnished  with  gypsum  rock  in  the  winter 
.time,  and  the  outsiders  during  canal  navigation.  The  rock  has 
to  be  hauled  about  IJ  miles  to  the  canal.  The  quarry  is  operated 
the  year  round,  and  the  cost  of  mining  is  about  25c  to  30e  a  ton. 
The  teamster  hauls  five  loads  a  day,  averaging  four  to  five  tons 
to  the  load.  Mr  Severance's  quarry  and  gypsum  deposit  occupies 
-about  3  acres.  F.  F.  black  powder  is  used  in  blasting.  The  rocks 
sell,  delivered  at  the  canal  to  the  local  mills,  for  90c  a  ton.  The 
largest  output  for  any  one  year  was  7000  tone;  the  average  would 
be  about  50O0  tons.  From  four  to  12  men  are  employed  at  the 
quarry,  depending  on  the  demand  for  gypsum. 

Immediately  adjoining  Mr  Severance's  quarry  are  the  quarries 
^f  the  National  wall  plaster  co.  The  gypsum  deposit  in  these 
quarries  is  the  same  as  that  in  Mr  Severance's  bed.  The  method 
of  quarrying,  however,  differs  slightly.  The  gypsum  is  quarried 
so  as  to  cut  under  the  overhanging  rock,  which  then  falls  into  the 
place  from  which  the  gypsum  has  been  taken.  This  necessitates 
moving  a  greater  amount  of  rock  than  the  method  employed  by 
J!klr  Severance.  In  thesfi  quarries  dynamite  and  Climax  blasting 
powder  are  used.  From  12  to  20  men  are  employed  at  the  quar- 
.ries. 

The  product  is  hauled  1^  miles  to  the  canal,  and  to  the  mill 
which  is  located  at  the  canal. 

The  top  layers  are  used  for  making  calcined  plaster.  The  bot- 
tom bed  ifi  usually  not  taken  out.  In  the  strippings  some  hydrau- 
lic limestone  is  found,  which  is  sold  to  cement  manufacturers. 
The  beds  owned  by  the  National  plaster  co.  occupy  about  5  acres. 
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At  the  mill  of  the  National  plaster  co.  the  Cummer  process  is 
used  for  calcining  the  gypsum.  This  process  consists  in  crushing 
the  gypsum  rock  in  a  Blake  crusher  to  about  the  size  of  hickory 
nuts.  This  material  is  then  taken  to  a  cylinder  about  27  feet 
long  by  4  feet  in  diameter,  which  revolves  over  a  fire.  The  smoke 
is  carried  through  the  cylinder  so  as  to  utilize  all  the  heat  avail- 
-able,  and  ifi  then  taken  off  by  a  flue.  This  cylinder  is  inclined 
slightly  so  that  the  material  runs  from  one  end  to  the  other.  The 
temperature  at  which  the  gypsum  is  calcined,  ranges  from  600° 
to  800°  F.  From  the  calciner  the  material  is  taken  to  a  large 
<30oling  bin  made  of  brick.  This  bin  is  about  30  feet  long  by  6 
feet  wide,  by  20  feet  high.  The  heat  then  permeates  the  entire 
mass  of  rock,  calcining  the  inner  portions  of  the  small  pieces. 
The  material  is  drawn  from  the  bottom  of  the  cooler  through 
gates  and  taken  by  a  worm  conveyer  to  the  mills,  where  it  is 
ground.  It  is  then  taken  to  the  storeroom  and  put  in  bags  for 
shipment. 

The  capacity  of  the  mill  is  50  tons  a  day.  The  annual  produc- 
tion is  about  50,000  tons  a  year.  This  calcined  gypsum  is 
shipped,  to  a  considerable  extent,  to  cement  manufacturers,  and 
is  utilized  by  the  National  wall  plaster  co.  for  the  manufacture 
of  hard  finish.  For  the  manufacture  of  hard  finish,  it  is  mixed 
with  certain  proportions  of  sand,  clay  and  a  patent  retarder. 

On  the  east  of  the  National  wall  plaster  co/s  beds  and  south  of 
those  owned  by  Mr  Severance  is  located  the  property  of  the  Ada- 
mant wall  plaster  co.  It  owns  about  19  acres  of  ground,  about 
15  of  which  is  underlain  by  gypsum.  This  property  is  not  at 
present  worked,  but  will  be  opened  up  this  coming  year.  An 
old  quarry  is  located  at  this  point,  but  has  not  been  worked  for 
some  years  past.  At  present  the  Adamant  wall  plaster  co.  is 
using  calcined  plaster  from  Oakfield  N.  Y.,  and  calcining  Nova 
Scotia  gypsum.  It  uses  in  its  wall  plaster  about  one  half  sand, 
S^  to  10^  of  clay  and  asbestos,  and  about  4^0^  of  calcined  gypsum. 
In  the  manufacture  of  hard  finish  about  7^  of  ground  talc  is 
used  as  a  whitener.    The  retarder  is  a  trade  secret. 

The  annual  production  is  about  100,000  to  150,000  bags  of  120 
pounds  a  year. 
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The  quarries  of  Mr  C.  A.  Snooks  and  Mr  O.  Snooks  together 
occupy  about  3  acres.  The  beds  are  about  the  same  as  those  on 
the  adjoining  hill.  The  rock  is  of  a  little  poorer  quality,  and  they 
are  troubled  with  water  in  the  quarries.  The  product  is  used 
by  local  mills  entirely. 

The  gypsum  quarries  of  the  Cayuga  land  plaster  co. 

These  quarries  are  described  in  bulletin  11  of  the  New  York 
state  museum,  p.  72. 

The  bed  was  first  opened  in  1828,  and  the  original  deposit 
covers  an  area  of  about  a  square  mile  on  the  east  shore  of 
Cayuga  lake,  a  mile  north  of  the  village  of  Union  Springs,  and 
4  miles  south  of  Cayuga.  The  output  averages  about  10,000 
tons  of  plaster  annually  and  5000  tons  of  rock  gypsum.  The 
entire  product  is  disposed  of  by  Mr  Charles  E.  Lee  of  Bingham- 
ton  N.  Y.  The  price  per  ton  of  the  rock  is  $1.50;  of  the  plaster, 
$2.50.  The  plaster  is  all  of  one  quality,  the  poorer  specimens  of 
gypsum  rock  being  turned  out  on  the  dumps.  Only  the  pure 
gypsum  is  used. 

The  analysis  of  this  plaster  is  as  follows: 

Sulfate  of  lime  80.78 

Carbonate  of  lime  1.76 

"             magnesium  3 

Phosphate  of  lime  .43 

Sand  3.32 

Organic  matter  .18 

Chlorin,  potash  and  clay  10.5 


Total  100 

This  analysis  was  made  by  J.  A.  Barral,  perpetual  secretary 

of  the  Central  society  of  agriculture  of  France.  , 

About  2  miles  north  of  the  quarry  which  is  worked  another 

quarry  is  found,  and  at  the  south  about  half  a  mile  distant  two 

more.     None  of  these  are  worked  at  present. 

Marcellus 
Near  the  station  a  small  quarry  is  worked  by  Mr  Walker.     The 
product  is  used  entirely  in  the  immediate  locality.    The  annual 
output  does  not  exceed  500  tons. 
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In  grading  for  a  trolley  line  from  Marcellus  station  to  the 
village  an  outcrop  of  plaster  rock  was  exposed  in  1900  near  the 
station.  The  outcrop  is  about  20  feet  thick  and  extends  along 
the  road  about  160  feet.  The  rock  shows  layers  of  white  fibrous 
gypsum   at   intervals    ranging   from    3   to   12   inches.    These 

layers  are  from  J  inch  to  1  inch  in  thickness.  The  main  rock 
does  not  seem  so  solid  as  the  material  found  at  Union  Springs 
and  Fayetteville,  but  should  make  a  fair  land  plaster.  It  would 
probal?ly  not  make  good  calcining  plaster,  on  account  of  the 
fibrous  gypsum.  The  bed  seems  to  be  quite  extensive,  judging 
from  the  fact  that  it  is  found  at  the  same  horizon  just  across 
the  valley.  The  bottom  of  the  bed  was  not  excavated,  and  it 
was  not  found  elsewhere  on  the  road,  owing  to  the  fact, 
probably,  that  most  of  the  rock  cuts  are  above  this  horizon. 

The  Wheatland  land  plaster  co.,  Mumford  N.  T. 

This  company  has  a  mine  about '3^  miles  from  Caledonia,  on 
Allen's  creek.  This  mine  is  located  in  a  knoll  and  is  entered  by 
a  tunnel.  The  gypsum  is  in  three  layers,  the  best  quality  being 
in  the  middle.  The  deposit  is  about  6  feet  thick.  The  mine  is 
timbered  throughout.  Pillars  are  left  ranging  from  15  feet  in 
diameter  to  30  x  75  feet,  according  to  the  condition  of  the  roof. 
About  15  men  are  employed  at  the  works  at  present.  Much  of 
the  time  the  number  is  increased  to  30. 

The  rock  is  drilled  by  a  hand  power  screw  drill.  The  blast- 
ing is  accomplished  by  dynamite  exploded  by  a  battery.  The 
rock  is  hauled,  on  cars  holding  about  1  ton,  by  mules  to  the 
mill,  which  is  on  the  opposite  side  of  the  creek.  The  largest 
pieces  of  rock  are  run  through  a  Blake  crusher,  and  from  that 
directly  to  the  mill.  The  capacity  of  this  crusher  and  mill  is 
about  40  tons  a  day.  The  smaller  pieces,  up  to  the  size  of  a 
man's  hand,  are  taken  to  a  crusher  of  special  design  made  to 
order  by  a  firm  in  Caledonia.  This  crusher  consists  of  a  corru- 
gated cone  of  iron  in  which  a  series  of  disks  rotate.  These  disks 
are  about  2  inches  thick  and  1  foot  in  diameter,  having  teeth 
similar  to  saw  teeth.  They  are  fastened  to  a  square  shaft  and 
pulverize  the  rock  as  fast  as  a  man  can  shovel  it  in.     This 
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crusher  supplies  two  burstone  mills  and  has  a  capacity  of  from 
60  to  80  tons  a  day.  In  these  mills  the  lower  burstone  revolves, 
as  this  is  supposed  to  give  better  results.  The  annual  pro- 
duction (according  to  the  Buffalo,  Rochester  &  Pittsburg  freight 
agent)  is  about  15,000  tons.  An  interesting  feature  of  this  mine 
is  the  fact  that  about  3  acres  of  old  chambers  are  devoted  to 
the  growing  of  mushrooms.  About  80  pounds  of  mushrooms 
are  gathered  each  day.  The  plaster  is  shipped  in  bulk  in  car- 
load lots.    Dynamite  and  black  powder  are  used  for  the.  blasts* 

About  a  mile  east  of  this  mine  at  Garbuttsville  is  located  the 
mine  and  mill  of  the  Lycoming  calcining  co.  This  mill  has  just 
been  erected,  and  was  being  tested  at  the  time  of  my  visit  to 
Garbuttsville.  The  gypsum  is  of  the  same  quality  as  that  at 
Wheatland.  The  mine  is  worked  in  the  same  manner.  The 
tunnel  is  about  200  feet  long,  and  a  branch  tunnel  has  just  been 
started. 

The  equipment  of  the  mill  consists  of  a  Blake  crusher,  one 
continuous  calciner  with  a  dust  chamber  above  to  save  the  dust 
which  is  used  as  dental  plaster,  one  cooler,  and  two  vertical 
emery  mills. 

The  Diamond  wall  cement  co.  is  to  occupy  a  part  of  the  build- 
ing for  the  purpose  of  manufacturing  wall  plaster. 

The  capacity  of  this  mill  is  60  tons  in  10  hours. 

Two  6  foot  beds  of  gypsum  are  found  below  the  one  now 
worked,  with  intervals  of  about  6  feet  between. 

The  Oakfield  plaster  deposits 

At  Oakfield,  Genesee  co.,  throe  companies  are  engaged  in 
mining  and  calcining  gypsum:  the  English  plaster  works,  the 
Oakfield  plaster  manufacturing  co.  and  the  Genesee  plaster  co. 
Of  these  the  English  plaster  co.  is  the  largest.  About  50  men 
are  employed  at  the  mill,  and  about  the  same  at  the  mines.  Two 
mines  are  operated,  each  of  which  is  about  40  feet  deep.  The 
deposit  of  gypsum  is  about  4  feet  thick,  and  screw  drills  worked 
by  hand  are  used.  Black  powder  is  used  for  blasting.  The 
hoisting  is  by  steam.  A  railroad  switch  runs  to  one  of  the 
mines,  and  by  this  is  shipped  the  rock  gypsum.    The  material 
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used  in  the  mill  is  hauled  by  teams  from  the  other  mine.  About 
15,000  tons  of  rock  gypsum  are  shipped  annually  to  plate  glass 
factories  at  Pittsburg.  These  factories  calcine  their  own 
gypsum  and  use  the  plaster  of  paris  to  embed  the  plate  glass 
while  it  is  being  polished.     About  10,000  tons  of  plaster  of  paris 

are  produced  annually. 

The  equipment  consists  of  one  Blake  crusher,  one  nipper,  five 
kettles  and  five  mills.  The  nipper  resembles  an  old-fashioned 
coffee  mill,  to  a  certain  extent.  The  upper  part,  however,  con- 
sists of  a  corrugated  hopper  in  which  a  corrugated  cone  rotates, 
crushing  the  pieces  of  gypsum  to  about  the  size  of  a  hickory  nut. 
The  lower  part  breaks  them  up  to  about  the  size  of  peas.  From 
the  nipper  they  are  taken  to  the  mills,  and  from  the  mills  to  the 
calciner.  Much  trouble  is  experienced  at  the  mines  of  this  com- 
pany, as  well  as  the  other  mines  in  this  locality,  on  account  of 
water  in  the  winter  time.  Several  of  the  mines  must  be  pumped 
or  abandoned  during  the  winter  season. 

The  gypsum  is  the  whitest  that  is  found  in  New  York  state. 
It  is  said  that  about  80  feet  below  the  first  bed  another  bed  of 
gypsum  is  found  about  10  feet  thick,  but  this  has  not  yet  been 
opened. 

The  Oakfield  plaster  eo.  operates  three  mines,  employing 
about  15  men  at  the  mines  and  eight  at  the  mill.  The  equip- 
ment of  the  mill  consists  of  one  Blake  crusher,  two  burstone 
mills,  one  bolter,  and  two  kettles  of  10  tons  capacity.  The  daily 
capacity  is  about  GO  tons  of  calcined  plaster.  The  annual  prod- 
uct is  about  10,000  tons.  The  material  is  hoisted  from  the  mines 
of  this  company  by  horse  power. 

The  Genesee  plaster  co.  of  Oakfield  has  just  completed  a  mill 
which  is  not  yet  in  oiR»ration.  It  has  two  mines  having  steam 
hoists.  The  mill  equipment  consists  of  three  calciners.  None 
of  the  Oakfield  companic^s  have  used  the  Cummer  process.  The 
kettle  process  is  used  by  all. 

To  the  west  of  Oaktield,  gypsum  has  b(H^n  found  near  Indian 
Falls,  which  is  said  to  be  darker  than  the  material  at  Oakfield. 
No  commercial  use  has  yet  been  made  of  this. 
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Pleistocene  deposits,  study  of,  rll"- 
14». 

Pleistocene  geology  of  western  New 
York,  rl03-39. 
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Spencer,  J.  W.,  cited,  rlOG^. 

Stamford  quadrangle,  r8\ 
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Syenite  at  Little  Falls,  rlO=,  r83-95. 
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Westchester  county,  resurvey  of, 
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Loomis,  F:  B.    Siluric  Fungi  from  Weatern  New  York, 

40  Simpson,  G:  B.  Anatomy  and,  Physiology  of  Polygyra  Albolafaris  and 
Limax  Maximus  and  Embryology  of  Limax  Maximus.  82p.  28pL 
Oct.  1 90 1.    2^€. 

41  Beauchamp,  W:  M.  Wampum  and  Shell  Articles  Used  by  New  York 
Indians.     i66p.  28pl.    Mar.  1901.    joc. 

42  Ruedemann,  Rudolf.  Hudson  River  Beds  near  Albany  and  theii  Taxo- 
nomic  Equivalents.     ii4p.  2pl.  map  24.5x51. 5cm.      Ap.  1901.     s^c 

43  Kellogg,  J.  L.  Clam  and  Scallop  Industries  of  New  York.  36p.  apL 
map  25.5x1 1.5cm.     Ap.  1901.     IOC. 

44  Ries,  Heinrich.    Lime  and  Cement  Industries  of  New  York,    ^n  press, 

Eckel,  E.  G.    Chapters  on  the  Cement  Industry. 

Volume  9 

45  Grabau,  A.  W.  Geology  and  Paleontology  of  Niagara  Falls  and 
Vicinity.     286p.  il,  iSpl.  map  38x84.5cm.   Ap.  1901.    d^c s  cloth  goc, 

46  Felt,  E.  P.  Scale  Insects  of  Importance  and  a  List  of  liie  Species  in 
New  York.     94P.  il.  i5pl.    June  1901.     2^'c, 

47  Needham,  J.  G.  &  Betten,  Cornelius.  Aquatic  Insects  in  the  Adiron- 
dacks.     234p.  il.  36pl.     Sep.  1901.    40c. 

48  Woodworth,  J.  B.  Pleistocene  Geology  of  Nassau  County  and  Bor- 
ough of  Queens.     58p.  il.  9pl.  map  35x71cm.     Dec.  1901.    2Sc. 

Volume  xo 

49  Ruedemann,  Rudolf;  Clarke,  J:  M.  &  Wood,  Elvira.     Paleontologic 

Papers  2.     240P.  i3pl.     Dec.  1901.    40c, 

Contents:  Ruedemann,  Rudolf.    Trenton  Couglomerat«  of  Rvsedorph  Hill. 
Clarke,  J:  M.  Limestones  of  Central  and  Western  New  York  Interbedded  with 

Bituminous  Shales  of  the  Marcellus  Stage. 
Wood,  Elvira.    Marcellus  Limestones  of  Lancaster,  Erie  Co.  N.  Y. 
Clarke,  J:  M.    New  Agelacrinites. 
Value  of  Amnigenia  as  an  Indicator  of  Fresh-water  Deposits  During  the 

Devonic  of  New  York,  Ireland  and  the  Rhineland. 

50  Beauchamp,  W:  M.  Horn  and  Bone  Implements  of  the  New  York 
Indians.     ii2p.  43pl.     Mar.  1902.    joc. 

51  Eckel,  E.  C.  &  Paulmier,  F.  C.  Catalogue  of  Reptiles  and  Batrachians 
of  New  York.     64p.  il.  ipl.  Ap.  1902.     i^c 

Eckel,  E.  C.    Serpents  of  Northeastern  United  States. 

Paulmier,  F.  C.    Lizards,  Tortoises  and  Batrachians  of  New  York. 

52  Clarke,  J:  M.     Report  of  the  State  Paleontologist  1901.     In  press. 

53  Felt,  E.  P.     17th  Report  of  the  State  Entomologist  1901.    In  press. 

54  Peck,  C:  H.     Report  of  the  State  Botanist  1901.     In  press, 

55  Beauchamp,  W:  M.  Metallic  Implements  of  the  New  York  In- 
dians.    In  press, 

56  Merrill,  Y-.  J.  H.     Geologic  Map  of  New  York.     In  press, 

Directory  of  Natural  History  Museums  in  United  States  and 

Canada.     In  press. 

Bean,  T.  H.     Catalogue  of  the  Fishes  of  New  York.    In  press. 

Dickinson,  H.  T.     Bluestone  Quarries  in  New  York.     In  press, 

Whitlock,  H.  P.     Guide  to  the  Mineral  Collections  of  the  New  York 

State  Museum.      In  press. 

Clarke,  J  :  M.  &  Ruedemann,  Rudolf.     The  Guelph  Formation  and 

Fauna  of  Western  New  York.     In  preparation. 

Clarke,  J:  M.     Catalogue  of  Type  Specimens  of  Paleozoic  Fossfls  in 

the  New  York  State  Museum.     In  press. 


(/) 
o 

•1 


p 
a 

P 


r 
p 

o 
o 


;o 


University  of  the  State  of  New  York 

SlaU  Museum 

MUSEUM  PUBLICATIONS  i,^ufn«i.i) 

Museum  memoirs  1889-fIate.    Q. 

1  Eeecher,    C;    E.    &    Clarke,  J:    M.     Development   of  some 
ISrachioiioOa.     gGp.  8pl.     Oct.  1889.     Out  of  print. 

2  Hall,  James  &  Clarke,):  M.    Paleozoic  Reticulate  Sponges. 
70}i1.     Oct.  1899.     $1,  cloth. 

3  Clarke,  J:  M.    The  Oriskany  Fauna  of  Becraft  Moimtaio, 
Co.  N.  Y.     i2Sp.  9p].     Oct.  1900.     Soc. 

•  4,  Peck.CiH.  N.Y:  Edible  Fungi,  1895-99.    io6p.  25pl.N0v.l1 
Tliif  inoludes  revised  deseriplioaa  miil  illualralione  of '"""*  "'"■™ 
49tl].  nlst  and  62d  reports  of  the  bIhIiO  bul.aiiisr. 

Natural  history  of  New  York.    30V.  il.  pi.  maps.   Bq.Q. 

1842-94. 
i"visio.\  1  DkKuj-,  James  E.    Zi>o!ogy.     5v.    18I2-H.    Outo/Jtrlnt 
lUVtsioN  2  Torrpy,  John.    Bot*uy.    '1  v.  1843.    Out  b/frint. 
niVieiON  3  Beck.  Linria  C.    Mineralogy.     1S43.     Out  of  print. 
wvisiosl  MfttLer.  W;  W,;  Emmons,  Kbenner;  Vauuxerii,  Lnidnnr 

Jaines.      Geology.    4  v.  1842-43.     On(  ofpri«t. 
DIVISION  3  Euimona,  Ebeufier.    A ifri culture.    5v,    1646-54.     ftuH/, 
DIVISION  6  Hall,  Junies.      Paleontology.      8(-.      lRlT-91.     Jloumd 

V.  1-2  out  of  print.  .        _.  ,  .      m 

V.  3    Organic  Reinaius  ol  the  Lower  Ilelderberg  Group  ani!  tlie  Orlak»«l| 

atone,     pll,  test.     l2-|-532p.     1869.     ifjjv} 

1H2,  H3pl.     1861.     i^-so. 

V.  4    Fossil  BrachiopitdA  of  Ihe  Uppor  Heltkrlierg,  UamiUon,  P'^rtago  U 

mnng  GroiipE.     11+1+428?.  90pL    18&7.    9^^o.  „  , ,     , 

V.  5  pil    LamellibiauobiaU  1.    Moiiomyariaof  tlie  Upper  Helcierb«rg,l 

and  Cliemniift  Groups.     18+268p.  45pl.    188*.    $s.jo. 
LamoJIibrBiicliiafci  2.     DimyaiHa  of  the  I  poer  Helilcrlwrit,  HM 

Portajto  and  Chemung  Groups.  6a+M3p.  51nl.  l«K.  *?./<>.  J 
pt2    Gasteropoda,  Pteropoda  aud  C*phafopnda  n£  tiie  Ojiiwr  Bi>1fl 

HamiJion.  Poriage  and  Cheintiag  Groups,    2v.  1879.    -    '    •"— 

V.  2.  120pl.     $2^0  far  3  V. 

V.  6    Cornfii  and  BryOEoa  of  Ilie  Lower  and  Upper  Helderbars  and  1 

Groups.    24+298p.  67pl.     1887.     fo.jo.  „,,     , 

V.  7    Trilobiiea  and  other  CnisUu'en  of  ihc  OrtskaBy.  Upper  Heldnl.^! 

ton,  Porwiie,  Cbemnng  and  Catabill  Groups.  61+23fiij.  lejil.  i-^ 
supplement  to  t.  3,  pw.  Pteropuiia,  Cepb.ilopoda  uud  Aiiuiii-  ■ 
1888.    %3^o.  .  .     „  , 

v.Sptl    IntTodiietion  to  tbe  8ludy  of  the  Oeiiem  ol  tlia  Puleozon'  .■■! 
16+367p.  44  pi.     1892.    i^.50. 

pt2    Paleozoic  Bracbiopoila.     IB+SSlp.  84pl.     1864.     fc.jp. 

Museum  handbooks  i8g3-date.    i%y.vi\i  cm. 

lu  .|iiantiiie»,  Ic  for  each  IGp-  or  Jess.    Singio  copies  postpaid  aa  bel 
H5  New  York  State  Museum.     i4p.  il.    jf. 

Outlines  history  and  work   of  tlw  mnsouni. 
H13  Paleontology.     8p.     2C. 

Brief  outline  of  State  MuBenui  work  in  paleontology  nudi-r  beads:  I>«Bj 
Relation  to  biology ;  Belation  to  stralisrapby ;  History  of  paleuntology  1| 
York.  I 

H15  Guide  to   Excursions  in  the  Fossiliferous  Rocks  of  New| 

izop.     Sc. 
H16  Entomology.     Sp.     Out  of  print. 
H17  Geology.    In  preparation. 
Maps.     Merrill,  F:  J.  H.     Economic  and  Geologic  Map  of  thf 
of  New  York.     59x67  cm.  1894.     Out  ef  print. 

Scale  14  miles  to  1  inch.     New  edition  in  preps  ration. 

Printed  also  with  Masenm  bnlletiu  15  and  the  48th  inuaeum  nport,  1 
Geologic  Map  of  New  York.     1901.    S3.    Mmintcd  on  ro!^ 

Scale  5  miles  to  1  inch". 


New  York  State  Museum 

Frederick  J.  H.  Mkrrill  Director 


l2ist  REPORT  OF  THE  STATE  GEOLOGIST 


1901 


Riprinltd /iviil  the SJ">  Anmial  Rifort  of  Ihc  Nnu  York  Stale  Musi 


ALBANY 

UNlVERsn*V   OF  THE    STATE    Or   NEW   YORK 
1903 


Price  40  cents 


University  of  the  State  of  New  York 

REGENTS 

'  With  years  of  election 

1892  William  Croswell  Doane  D.D.  LL.D.  Chancellor,  Albany 
1878  Whitelaw  Reid  M.A.  LL.D.   Vice  Chancellor     -      New  York 
1877  Chauncey  M.  Depew  LL.D.        -        _        _        _  New  York 
1877  Charles  E.  Fitch     LL.B.  M.A.  L.H.D.     -       -      Rochester 
1881  William  H.  Watson  M.A.  M.D.  LL.D.        -        -  Utica 
1881  Henry  E.  Turner  LL.D.        _        -        _        _        Lowville 
1883  St  Clair  McKelway     M.A.  L.H.D.  LL.D.  D.C.L.  Brooklyn 
1885  Daniel  Beach     Ph.D.  LL.D.     _        _        -        _     Watkins 
1888  Carroll  E.  Smith     LL.D.  -----  Syracuse 
1890  Pliny  T.  Sexton    LL.D.  _        _        _        -        -      Palmyra 
1890  T.  Guilford  Smith    M.A.    C.E.    LL.D.        -        -  Buffalo 

1893  Lewis  A.  Stimson    B.A.    LL.D.    M.D.    -        -        New  York 
1895  Albert  Vander  Veer  M.A.    Ph.D.  M.D.      -        -  Albany 
1895  Charles  R.  Skinner     M.A.  LL.D. 

Superintendent  of  Public  Instruction,  ex  officio 
1897  Chester  S.  Lord     M.A.    LL.D.      -        -        _        Brooklyn 

1900  Thomas  A.  Hendrick     M.A.  LL.D.     -        -        _  Rochester 

1901  Benjamin  B.  Odell  jr  LL.D.  Governor,  ex  officio 

1901  Robert  C.  Pruyn    M.A.      -        -        -        -  ■      -  Albany 

1902  William  Nottingham  M.A.  Ph.D.  -        -        -         Syracuse 

1903  Frank  W.  Higgins  Lieutenant  Governor,  ex  officio 
1903  John  F.  O'Brien  Secretary  of  State,  ex  officio 

1903  Charles  A.  Gardiner    LL.B.  M.A.  Ph.D.        -       New  York 
1903  Charles  S.  Francis  B.S.      -        -        _        -        _  Troy 


secretary 

Elected  by  Regents 

1900  James  Russell  Parsons  jr  M.A.  LL.D. 

directors  of  departments 

1888  Melvil  Dewey  M.A.  LL.D.  Sfale  Library  and  Home  Education 
1890  James  Russell  Parsons  jr  M.A.  LL.D. 

Administrative y  College  and  High  School  Defts 
1890  Frederick  J.  H.  Merrill  Ph.D.  State  Museum 


■Ao.. 
University  of  the  State  of  New  York 


New  York  State  Museum 

Frederick  J.  H.  Merrill  Director 


With  the  compliments  of  ^TATE       GEOLOGIST 

FREDERICK  J.  H.  MERRILL 

Director  and  State  Geologist 


UNIVERSITY   OF  THE   STATE  OF   NEW   YORK 

NEW  YORK  STATE  MUSEUM 

ALBANY 


Reprinted  from  the  S5^h  annual  report  of  the  Ne7u   York  State  Museum 


ALBANY 

UNIVERSITY    OF    THE    STATE    OF   NEW   YORK 

1903 


University  of  the  State  of  New  York 

REGENTS 

'  With  years  of  election 

1892  William  Croswell  Doane  D.D.  LL.D.  Chancellor,  Albany 
1878  Whitelaw  Reid  M.A.  LL.D.   Vice  Chancellor     -       New  York 
1877  Chauncey  M.  Depew  LL.D.      '  -        -        -        -  New  York 
1877  Charles  E.  Fitch    LL.B.  M  *    **•'"-  "^     ' 

1 881  William  H.  Watson  M.A.  ^ 
1881  Henry  E.  Turner  LL.D. 
1883  St  Clair  McKelway    M.A. 

1885  Daniel  Beach     Ph.D.  LL.D. 

1888  Carroll  E.  Smith    LL.D.  - 

1890  Pliny  T.  Sexton    LL.D.  - 

1890  T.  Guilford  Smith    M.A.    C. 

1893  Lewis  A.  Stimson    B.A.    LL. 

1895  Albert  Vander  Veer  M.A. 

1895  Charles  R.  Skinner    M.A.  L 

Superintende  ^^,  w^  wrtAAw^w 

1897  Chester  S.  Lord    M.A.    LL.D.      -        -        -        Brooklyn 

1900  Thomas  A.  Hendrick     M.A.  LL.D.     -        -        -  Rochester 

1901  Benjamin  B.  Odell  jr  LL.D.  Governor,  ex  officio 

1901  Robert  C.  Pruyn     M.A.      -        -        -        -  ■      -  Albany 

1902  William  Nottingham  M.A.  Ph.D.  _        -        -        Syracuse 

1903  Frank  W.  Higgins  Lieutenant  Governor,  ex  officio 
1903  John  F.  O'Brien  Secretary  of  State,  ex  officio 
1903  Charles  A.  Gardiner    LL.B.  M.A.  Ph.D.        -       New  York 
1903  Charles  S.  Francis  B.S.      -        -        _        -        _  Troy 


secretary 

Elected  by  Regents 

1900  James  Russell  Parsons  jr  M.A.  LL.D. 

directors  of  departments 

1888  Melvil  Dewey  M.A.  LL.D.  State  Library  and  Home  Education 
1890  James  Russell  Parsons  jr  M.A.  LL.D. 

Administrative,  College  and  High  School  Defts 
1890  Frederick  J.  H.  Merrill  Ph.D.  State  Museum 


■Ax 
University  of  the  State  of  New  York 


New  York  State  Museum 

Fbedebick  J.  H.  MfifiRiLL  Director 


2ist  REPORT  OF  THE  STATE  GEOLOGIST 


1901 


Reprinted  from  the  j^th  annual  report  of  the  New  York  State  Museum 


ALBANY 

UNIVERSITY   OF   THE   STATE   OF  NEW  YORK 

1903 


CONTENTS 


PAOB 

Geology r6 

Map r6 

Pre-Cambriaii  and  crystalline  rocks r6 

Pleistocene r9 

Economic  geology rl5 

The   Northumberland   Volcanic   Plug.     J.  B.  Wood- 
worth    rl7 

Petrography  and  Age  of  the  Northumbepland  Rock. 

H.  P.  Gushing r24 

Latest   and   Lowest   Pre-Iroquois   Channels   between 

Syracusie  and  Rome.     H.  L.  Faircbild r31 

Field  Work  during  1901  in  the  Cretaceous  Beds  of 

*           Long  Island.    Arthur  Hollick r48 

Uses  of  Peat  and  its  Occurrence  in  New  York  State. 

Hoinrich  Ries r53 

Molding  Sand,  its  Uses,  Properties  and  Occurrence. 

Edwin  C.  Eckel r91 

Index r97 

PlfttCS                                                                                                                                                     COVE'B  PAGB 

1  Map  of  New  York  showing  surface  configuration. . .  3 

FACE  PAOB 

2  Geologic  map  of  part  of  the  town  of  Northumber- 

land showing  location  of  volcanic  plug rl7 

3-6  Volcanic  Plug,  Schuylerville,  Saratoga  oo rl7, 

rl9,  r21,  r24 
7  Key  map  of  district  between  Syracuse  and  Rome 

showing  laitest  and  lowest  pre-Iroquois  drainage . .  r46 
8-10  Maps  of  district  between   Syracuse  and  Rome 

showing  laitest  and  lowest  pre-Iroquois  drainage . .  r4G 

11-13  Burnet  Park  channel r46 

14-19  Syracuse  channel r46 

20-22  Kirkville  channel r46 

23-24  Stream-cut  bank r46 

25-27  Oanastota  channel r46 

28-31  Verona-Greenway  channel r46 

32  Peat  from  bog  of  Cyrus  Post r57 

33  Moss  litter  from  a  peat  bog r72 

34  Montezuma  marshes r86 

35-36  Peat  bog  and  lily  marsh r86,  87 


University  of  the  State  of  New  York 


New  York  State  Museum 


21st  EEFORT  OF  THE  STATE  GEOLOGIST  1901 


To  the  Reffents  of  the  University  of  the  State  of  New  York 

I  have  the  honor  to  submit  herewith  my  report  as  state 
geologist  for  the  fiscal  year  ending  Sep,  30,  1901. 

To  permit  the  wide  distribution  of  separate  papers,  the  report 
is,  as  it  was  last  year,  chiefly  administrative.  The  larger  papers 
giving  the  results  of  completed  investigations  are  issued  as  bul- 
letins of  the  State  Museum. 

The  large  amount  of  time  given  to  the  completion  of  the  state 
geologic  map  and  to  the  preparation  of  the  Pan-American  min- 
eral exhibit  has  diminished  the  size  of  this  report  as  compared 
with  that  of  last  year,  but  the  results  of  the  w^ork  expended  are 
to  be  seen  in  the  map  and  in  the  economic  collections. 

Respectfully  yours 

Frederick  J.  H.  Mbrrill 


GEOLOGY 

The  work  conducted  under  the  direction  of  the  state  geologist 
during  the  fiscal  year  just  ended  may  be  summarized  as  follows: 

Maps 

The  office  work  of  the  past  winter  was  mainly  devoted  to  the 
completion  for  publication  of  the  geologic  map  of  the  State  on 
the  scale  of  5  miles  to  the  inch,  which  went  to  the  engraver  in 
April  and  on  which  considerable  time  was  spent  in  proofread- 
ing during  the  summer.  It  is  expected  that  this  map  will  be 
issued  about  the  first  of  the  new  year  and  a  detailed  description 
of  it  will  be  given  in  Museum  bulletin  56. 

An  important  contribution  to  the  physical  geography  of  the 
State  is  in  the  form  of  a  hypsometric  map  on  the  scalie  of  12 
miles  to  the  inch,  compiled  under  the  direction  of  the  state  geolo- 
gist, by  Mr  C.  C.  Vermeule,  which  shows  the  topography  of  the 
State  in  contour  lines  200  feet  apart.  This  map  is  contained  in 
the  pocket  of  this  report  and  will  be  found  of  much  use  to 
students  of  geography  and  physiography. 

The  geology  of  the  crystalline  rocks  of  New  York  and  vicinity 
was  replotted  on  the  revised  proofs  of  the  Harlem,  Brooklyn  and 
Staten  Island  quadrangles  and  together  with  the  accompanying 
text  was  forwarded  to  the  United  States  Geological  Survey  at 
Washington  for  publication  in  the  forthcoming  New  York  folio. 
Duplicates  of  these  maps  and  of  the  accompanying  text  will  be 
issued  by  the  Museum. 

Pre-Cambrian  and  crystalline  rocks 

Prof.  H.  P.  Gushing  of  Adelbert  College  who  has  been  for 
several  seasons  engaged  in  the  study  of  the  crystalline  rocks 
of  the  Adirondacks,  during  the  past  year  devoted  himself  to  a 
special  study  of  the  area  about  Little  Falls,  Herkimer  co.  As 
the  result  of  this  work,  he  has  mapped  the  structural  geology 
of  the  Little  Falls  quadrangle,  which  will  soon  be  ready  for 
publication  as  a  bulletin  of  the  State  Museum. 

The  main  purpose  of  the  work  was  the  investigation  of  the 
pre-Cambrian  rocks,  but  incidentally  the  Paleozoic  rocks  were 
aJso  mapped  on  the  new  base. 
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The  pre-Cambrian  rocks  were  found  to  consist,  in  consider- 
able part,  of  gametiferous,  quartz-feldspar  gneisses,  often  hold- 
ing graphite,  which  seem  clearly  of  aqueous  origin.  They  are 
regarded  as  much  altered  sandstones  and  shales  belonging  to 
the  Grenville  series,  and  are  much  like  rocks  described  bv  Pro- 
fessor  Kemp  from  Warren  and  Washington  counties.  No 
crystalline  limestone  was  encountered,  though  boulders  indicate 
its  presence  not  far  outside  the  map  limits. 

Aside  from  these  rocks  there  is  much  of  a  variable  gneiss 
which  has  the  composition  of  a  syenite  and  is  regarded  as  an 
igneous  rock.  The  Little  Falls  and  Middleville  outliers  show 
a  porphyritic  roek  of  this  sort,  whose  igneous  nature  is  clear. 
In  other  exposures  its  igneous  origin  is  not  so  evident.  Unfor- 
tunately no  exposures  were  found  which  gave  clear  evidence 
concerning  its  relations  to  the  Grenville  rocks.  From  field  evi- 
dence elsewhere  this  syenite  is  regarded  as  younger  than  and 
intrusive  in  the  Grenville  rocks. 

The  Paleozoic  rocks  were  mapped  areally,  and  their  structure 
and  variations  in  thickness  were  worked  out  so  far  as  possible. 
Decisive  evidence  of  their  overlap  on  the  old  land  surface  of  the 
pre-Cambrian  rocks  was  found.  Attention  was  also  given  to 
the  glacial  deposits  and  to  the  reasons  for  the  present 
topography. 

There  are  no  rocks  or  mineral  deposits  of  great  economic 
value  in  the  region.  There  are  good  building  stones  for  some 
local  uses,  abundant  road  metal  and  a  little  iron  ore.  There 
may  also  be  good  brick  clays,  though  this  is  not  certain. 

A  short  visit  was  also  made  to  the  Tupper  lake  region  for 
the  purpose  of  taking  photographs  and  of  examining  rock  out- 
crops exposed  during  road  construction  and  soon  covered  by  the 
filling  of  road  material.  The  exposures  were  of  augite  syenite 
throughout. 

Mr  E.  C.  Eckel,  assistant  in  geology,  spent  most  of  the  month 
of  October  and  part  of  November  1900  in  Orange  county,  N.  Y., 
in  a  reconnaissance  of  the  pre-Cambrian  rocks.  The  boundary 
between  the  pre-Cambrian  and  the  Paleozoic  formations  was 
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mapped  in  the  region  from  Newburg  southwest  to  Monroe,  and 
some  of  the  Paleozoic  boundaries  were  retraced  on  the  newly 
issued  topographic  atlas  sheet  covering  that  region.  Several 
outcrops  of  crystalline  limestone,  occurring  in  the  Highland* 
between  Central  Valley  and  Fort  Montgomery,  were  critically 
examined,  and  it  was  decided  that,  in  place  of  the  pre-Cambriaii: 
age  usually  assigned  to  them,  they  were  probably  Paleozoic, 
being  underlain  by  a  quartzite  corresponding  to  the  Cambrian; 
quartzite  of  Dutchess,  Putnam  and  Westchester  counties.  Late- 
in  November,  field  work  in  the  northwestern  part  of  Putnam 
county  confirmed  these  views,  similar  highly  crystalline  lime- 
stone being  found  in  similar  association  with  quartzite. 

During  the  greater  part  of  the  winter  and  springy  Mr  Eckel* 
was  employed  in  cooperation  with  a  draftsman  on  the  compila- 
tion  and  drafting  of  the  new  edition  of  the  geologic  map  of  the 
State.  Several  short  trips  were  made  by  him  in  April,  May  and 
June  for  the  purpose  of  verifying  previous  work  in  the  western, 
part  of  the  State. 

During  the  remainder  of  the  fiscal  year  he  was  employed  in 
work  on  the  metamorphic  rocks  of  southeastern  New  York  and 
western  Connecticut,  part  of  this  time  being  spent  with  the 
state  geologist  in  the  field  conference  mentioned  below. 

In  September  a  field  conference  was  hfeld  by  the  state  geologist 
with  Professor  Van  Hise  of  the  United  States  Geological  Sur- 
vey, which  extended  from  New  York  city  and  Westchester 
county,  N.  Y.,  into  western  Connecticut  and  northwestern  Massa- 
chusetts. The  consequence  of  this  conference  was  that  the 
work  in  the  region  about  New  York  city^  which  had  been  carried 
on  by  the  writer  for  many  years,  and  of  which  the  results  are  to 
be  published  in  cooperation  with  the  United  States  Geological 
Survey,  was  found  to  be  entirely  correct.  The  New  York 
classification  is  accepted  and  will  be  extended  into  Connecticut 
and  Massachusetts.  One  technical  question  raised  by  Professor 
Van  Hise  could  not  be  decided  in  New  York,  and  in  consequence 
it  seemed  necessary  for  Mr  Eckel  to  make  some  visits  to  south- 
western Connecticut  in  search  of  further  evidence.    The  ob- 
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servations  made  by  him  there  have  resulted  in  the  complete 
confirmation  of  the  views  which  I  had  previously  expressed. 

These  facts  are  of  interest  in  that  they  give  New  York,  in 
the  study  of  the  crystalline  rocks  of  its  southeastern  portion, 
the  distinction  of  having  its  classification  accepted  for  those 
adjacent  areas  in  which  these  rocks  occur,  this  distinction  having 
previously  been  attained  by  the  early  corps  of  New  York  geolo- 
gists and  their  successor,  Professor  Hall,  in  the  classification  of 
the  Paleozoic  rocks  of  New  York. 

Pleistocene 
Hiidsmi-Champlaln  valleys 

During  the  field  season  of  1901^  Professor  Woodworth  con- 
tinued the  investigation  of  the  nature  and  extent  of  the  sub- 
mergence of  the  Hudson  and  Champlain  valleys  during  and  im- 
mediately after  the  disappearance  of  the  Wisconsin  ice  sheet. 

In  April  a  week  was  spent  in  examining  certain  localities 
about  the  mouth  of  the  Hudson,  in  Westchester  county,  on  Long 
Island,  and  in  the  neighboring  low  ground  of  New  Jersey. 
About  the  middle  of  June,  he  took  to  the  field  in  the  upper  Hud- 
son valley  and  spent  nearly  a  month  in  tracing  out  the  Pleisto- 
cene deposits  on  the  Saratoga  and  Schuvlerville  quadrangles 
so  far  as  they  promised  to  aiford  a  clue  to  water  levels,  thus 
filling  out  his  knowledge  of  an  area  not  visited  in  the  previous 
year.  He  was  given  leave  of  absence  from  the  field  during  mid- 
summer, and  in  the  middle  of  August  returned  to  the  shores  of 
Lake  Champlain  to  resume  the  work  begun  there  in  the  previous 
summer.  He  was  occupied  in  this  field  in  going  over  the  areat 
covered  by  the  topographic  folios  south  of  Plattsburg  till  called 
to  Cambridge  by  his  duties  in  Harvard  University. 

The  more  important  results  of  this  field  work  are  as  follows: 

There  exists  along  the  coast  of  Monmouth  county,  N.  J.,  just 
outside  of  the  terminal  moraine  and  its  attendant  outwash 
plain  a  terrace  whose  altitude  is  about  40  feet  above  the 
present  sea  level,  but  whose  outer  border  has  been  cut  back  by 
wave  action,  and  whose  surface,  as  for  example  in  the  valley  of 
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Cheesequake  creek,  has  been  deeply  excavated.  The  presump- 
tion is  strong  that  this  terrace  was  produced  at  sea  level  when 
the  land  was  relatively  lower  than  now.  The  valley  of  Cheese- 
quake  creek,  a  broad,  open  marsh-filled  depression,  appears  from 
its  steep  sides  to  have  its  bottom  below  the  present  sea  level, 
pointing  to  a  time  of  a  higher  stand  of  the  land  following  the 
epoch  of  terrace-making  on  that  coast.  No  trace  of  this  terrace 
has  been  detected  by  Professor  ^Yoodwo^th  along  the  coast  of 
Staten  and  Long  islands.  The  reason  for  this  is  believed  to  be 
that  the  Monmouth  terrace  just  outside  of  the  ice-covered  dis- 
trict was  made  before  the  southernmost  glacial  deposits  of  the 
last  ice  advance  were  laid  down,  so  that  any  traces  of  such  a  ter- 
race which  may  have  been  developed  over  the  seaward  face  of 
the  lands  in  the  area  of  Long  and  Staten  islands  were  effaced  by 
the  latest  glacial  deposits  if  not  by  earlier  glacial  drift  and  ice 
action.  The  depressions  excavated  by  streams  in  this  extra- 
glacial  terrace  also  indicate  a  greater  antiquity  than  the  latest 
glacial  deposits  in  the  vicinity  of  New  York,  none  of  them  bear- 
ing signs  of  so  marked  a  degree  of  dissection  by  small  streams. 
It,  therefore,  seems  conclusive  that  the  epoch  of  depression 
marked  by  the  terrace  south  of  the  Raritan  in  New  Jersey  ante- 
dates the  disappearance  of  the  ice  sheet  and  hence  has  no  rela- 
tion to  the  later  epoch  of  depression  in  the  St  Lawrence  valley, 
commonly  known  as  the  Champlain  epoch  of  submergence. 

Inside  the  moraine,  evidence  of  a  water  level  from  35  to  40 
feet  above  the  present  sea  level,  first  noted  on  Long  island 
was  found  to  exist  also  near  Perth  Amboy  in  a  small  sand  delta 
built  in  the  presence  of  the  ice.  Farther  north  at  Englewood 
N.  J.  a  plain  at  somewhat  lower  level  indicates  a  probable  water 
body  at  about  20  feet  above  present  sea  level.  These  sand 
plains  are  of  particular  interest,  as  their  indexes  of  level  are 
positive,  fixing  approximately  the  depth  of  water.  Their  situ- 
ation inside  the  moraine,  however,  in  the  presence  of  the 
melting,  presumably  irregular,  ice  front  is  not  conclusive  evi- 
dence of  submergence  beneath  sea  level,  since  the  moraine  at 
the  Narrows  may  have  at  the  time  been  unbroken,  and  thje 
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irregularities  of  the  iee  ina^^  have  boon  such  as  to  make  tem- 
porary lakes  along  the  ice  front  between  the  ice  and  the 
moraine.  The  failure  of  anything  like  wave  action  on  the  sea- 
exposed  side  of  the  moraine  at  Staten  island  at  the  35  to  40 
foot  level  is  presumptive  evidence  that  the  water  body  existed 
only  on  the  north  side  and  thus  favors  the  temporary  lake  view. 
The  decided  falling  off  in  level  of  these  sand  plains  stage  by 
stage  from  Perth  Amboy  to  Englewood  and  next  at  Tappan  in 
New  York  indicates  either  a  progressive  rise  of  the  land  as  the 
ice  retreated  or  a  lowering  of  impounded  water  by  the  down 
cutting  of  the  morainal  barrier  and  the  melting  of  outlying  ice 
masses  in  the  present  kills  communicating  across  the  moraine. 

A  further  examination  of  the  sand  pits  near  Roslyn  on  Long 
island  disclosed  in  the  till  bed  beneath  the  moraine  certain 
glacially  transported  boulders  which  appear  without  doubt  to 
have  journeyed  from  the  Adirondacks.  These  fragments  so  far 
as  now  known  afford  the  evidence  of  longest  transportation  in 
the  eastern  part  of  the  State. 

An  examination  was  also  made  of  certain  fine  silty  deposits 
in  the  Bronx  and  within  the  built  up  district  of  New  York  city 
to  determine  their  origin  and  if  possible  the  time  of  their  deposi- 
tion. ^yhile  their  subaqueous  deposition  must  be  admitted  as 
possible,  it  seemed  to  Professor  Woodworth,  from  the  character 
of  their  topography  and  the  occasional  scattering  over  their  sur- 
face of  glacial  erratics,  that  these  deposits  belong  to  a  time  prior 
to  the  retreat  of  the  glacier  and  thus  are  not  to  be  correlated 
with  the  so  called  Champlain  depression  which  followed  the  dis- 
appearance of  the  ice. 

In  the  area  of  the  Schuylerville  and  Saratoga  atlas  sheets 
numerous  facts  were  obtained  concerning  the  altitude  of  the 
Albany  clays,  the  deltas  of  streams  and  the  position  of  the  melt- 
ing ice  sheet  and  its  minor  moraines,  all  of  which  observations 
served  to  make  more  definite  the  history  of  the  ice  retreat  and 
thus  the  knowledge  of  the  extent  of  open  country  covered  by 
water  during  the  deposition  of  the  clays.  It  was  ascertained 
for    instance    that    the    Adirondack    portion    of    the    Hudson 
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quite  early  in  the  disappearance  of  the  ice  about  the  southern 
flanks  of  the  Adirondacks  discharged  s^t  Corinth  southward 
toward  Saratoga,  being  prevented  from  an  eastward  discharge 
by  the  ice  on  the  southeast  base  of  the  mountains,  and  that  with 
the  retreat  of  the  ice  from  Palmertown  mountain  the  Hudson- 
escaped  from  the  gorge  at  that  mountain  and,  turning  abruptly 
southward,  spread  out  a  sandy  delta  in  the  region  of  Ganse- 
voort.  This  delta  is  now  largely  an  area  of  shifting  sand  dunes^ 
like  that  of  the  ancient  Mohawk  delta  between  Albany  and 
Schenectady.  Later,  with  the  melting  out  of  the  ice  over  the 
Fort  Edward  plains,  the  river  fell  into  its  existing  channel,  first 
building  another  sand  delta  at  the  eastern  base  of  Palmertown 
mountain,  forming  the  sand  tract  south  of  Glens  Falls.  Thua 
the  Adirondack-Hudson  has  three  large  glacial  deltas  built  in 
successive  stages  of  the  disappearance  of  ice  barriers  about 
the  southeast  versant  of  the  Adirondacks  and  before  the 
melting  out  of  the  glacier  from  Lake  Ghamplain;  hence 
all  of  them,  unless  it  be  the  last  named,  are  older  than 
the  Champlain  marine  deposits.  Further  examination  of 
the  region  about  Fort  Edward  and  Schuylerville  served 
to  show  that  the  upper  Albany  clays  are  interrupted  in  their 
northward  extension  between  these  two  places,  and  that  the 
low  lying  clays  about  the  former  place  had  been  advanced  on 
by  the  ice  while  the  higher  lying  clays  to  the  south  had  not. 
As  the  higher  clays  extend  northward  to  the  line  where  signs 
of  overriding  ice  appear,  it  is  inferred  that  the  ice  formed  a 
barrier  on  the  north  to  the  deposition  of  the  higher  clays  which 
extend  southward  to  Albany  and  beyond.  A  corollary  of  this- 
conclusion  is  that  the  so  called  Albany  clays  are  somewhat 
earlier  in  age  than  the  typical  marine  clays  of  the  Champlain 
valley,  which  could  not  have  been  deposited  before  the  ice  sheet 
had  melted  out  of  that  valley. 

These  observations  agree  perfectly  with  the  history  of  the 
development  of  glacial  deposits  in  the  longer  known  glacial  dis- 
tricts on  the  east  and  west,  in  which  it  has  been  shown  that  the 
late  Pleistocene  deposits  occur  in  stages,  earlier  on  the  south 
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and  later  on  the  north,  with  here  and  there  clays  of  marine  or 
lacustrine  origin  sheeting  over  the  glacial  deposits. 

The  work  in  the  Champlain  valley  was  wholly  conducted  on 
the  New  York  State  side  and  directed  to  the  fixing  of  the  upper 
limit  of  wave  action  and  of  the  clays.  An  important  deposit 
with  an  upper  wave  limit  of  520  feet  was  discovered  near 
Street  Koad,  which  by  comparison  with  the  highest  definite 
beach  between  Port  Kent  and  Keeseville  served  to  give  a  base 
of  reference  for  the  deformation  of  the  highest  wave  line.  While 
the  strength  of  wave  action  at  this  high  level  (590  feet  near  Port 
Kent)  is  consonant  with  the  theory  of  submergence  to  this  depth 
at  that  point,  the  evidence  which  would  serve  to  discriminate 
between  marine  and  lacustrine  wave  action  was  not  locally  de- 
termined. The  tilting  of  this  upper  level  in  the  Champlain  dis- 
trict is  at  the  rate  of  nearly  2  feet  to  the  mile.  From  a  com- 
parison of  these  northern  stations  with  the  elevations  of  deltas 
south  of  Whitehall,  it  appears  that  there  is  a  marked  sag  about 
the  southeastern  base  of  the  Adirondacks. 

Owing  to  enforced  absence  from  the  field  for  about  a  month 
during  the  middle  of  the  summer  and  his  return  to  Cambridge 
early  in  the  autumn.  Professor  Woodworth  did  not  find  it  pos- 
sible to  cover  the  area  north  and  west  of  Plattsburg,  in  which 
it  is  expected  that  critical  evidence  will  be  found  on  which  ti> 
distinguish  the  marine  and  nonmarine  beaches  of  this  district 
and  thus  determine  definitely  the  hight  of  true  marine  submer- 
gence in  this  field. 

On  account  of  the  complexity  of  Professor  Woodworth's  sub- 
ject and  the  very  extensive  field  which  he  has  to  cover  it  is  not 
possible  for  him  to  make  an  extended  report  of  progress  till 
further  work  has  been  done.  It  is  expected  that  another  field 
season  will  put  him  in  a  position  to  make  a  comniunication  of 
much  interest  on  the  subject  of  his  investigations. 

Incidently  as  pertinent  to  the  work  of  the  State  Museum,  he 
reports  the  discovery  of  a  small  mass  of  trap  rock  heretofore 
unrecorded  on  the  geologic  map  near  Schuylerville.  This  trap 
exists  in  an  amount  above  water  level  sufficient  to  afford  some 
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-supply  of  excellent  road  metal  for  the  vicinity.  Some  of  the 
scientific  aspects  of  this  rock,  which  appears  to  be  of  volcanic 
origin,  have  been  described  for  publication  in  this  report  with 
suitable  illustrations. 

He  also  notes  the  occurrence  of  sand-blasted  pebbles  on  an 
ancient  wind-swept  delta  of  the  Saranac  near  Morrisonville^ 
specimens  of  which  have  been  deposited  in  the  museum.  He 
also  sent  to  the  museum  the  chance  find  of  a  crushed  Indian 
skull  discovered  in  the  bank  on  the  lake  shore  of  the  sand  flats 
T^etween  Fort  Ticonderoga  and  the  ferry  landing. 

Central  and  Western  l^cw  York 

Prof.  H.  L.  Fairchild  of  the  University  of  Rochester  has  con- 
tinued his  work  of  the  previous  year  in  the  study  of  glacial  phe- 
nomena in  central  and  western  New  York. 

A  belt  of  moraines  lying  east  of  Irondequoit  valley  was 
mapped  for  a  few  miles.  These  moraines  are  significant  as 
probably  correlating  with  the  Pinnacle  hills  (Rochester-Albion 
moraine),  and  the  study  will  be  continued  as  opportunity  is 
found. 

In  July  a  few  days  were  spent  in  the  region  of  Oneida-Rome 
in  reviewing  the  work  of  the  previous  summer  and  in  extension 
of  the  study.  A  few  of  the  observations  have  been  added  to 
the  text  and  maps  of  the  former  report  which  is  now  in  press. 
Between  Oneida  and  Rome  a  series  of  stream  channels  were 
studied.  These  were  formed  by  the  eastward  flow  of  waterd 
just  previous  to  the  establishment  of  Lake  Iroquois.  The  New 
York  Central  Railroad  lies  in  these  channels.  They  were  evi- 
dently formed  at  the  glacier  front,  since  their  north  banks  are 
usually  lacking. 

The  principal  work  of  the  summer  was  in  the  Lake  Erie  basin. 
The  ancient  beaches  parallel  with  the  south  shore  of  the  present 
lake  were  carefully  mapped.  In  a  general  way  these  beaches 
have  been  traced  by  Frank  Leverett,  G.  K.  Gilbert  and  F.  B. 
Taylor,  but  no  detailed  maps  or  descriptions  have  been  pub- 
lished. The  gravel  and  sand  bars  were  located  on  the  topo- 
graphic sheets  from  a  point  southwest  of  Ripley,  near  the  State 
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line,  northeastward  through  the  "grape  belt"  of  Westfield,  Port- 
land, Brocton  and  Fredonia,  past  Forestville  and  Silver  Creek 
to  Cattaraugus  creek,  a  distance  of  40  miles.  Throughout  this 
extent  there  are  two  well  marked  water  levels,  about  70  feet 
apart.  The  higher  is  the  extension  of  the  "  Belmore  "  beach,, 
which  was  made  by  the  waters  of  Lake  Whittlesey.  The  lower 
is  the  "  Forest "  beach,  produced  by  Lake  Warren.  Above  the 
"  Forest "  bars  from  10  to  25  feet  is  a  continuous  series  of  strong 
bars  which  represent  the  "Arkona  "  beach,  now  regarded  as  an- 
earlier  and  higher  level  of  Lake  Warren. 

Durilig  another  season's  work^  it  is  proposed  to  reexamine 
some  sections  of  the  beaches  and  to  extend  the  survey  north- 
eastward through  Erie  county  to  the  end  of  the  series.  Part 
of  this  work  has  alreadv  been  done.  Mr  Frank  Leverett  has 
shown  that  the  higher  beaches  disappear  in  Erie  county,  and 
only  the  lower  or  Warren  shore  line  continues.  Professor  Fair- 
child  traced  this  lower  shore  line  eastward  from  Crittenden  to 
the  meridian  of  Rochester  several  years  ago. 

Attention  being  concentrated  on  the  mapping  of  the  strong 
and  closely  associated  shore  lines,  but  little  search  was  made 
for  the  beaches  of  the  predicated  Lake  Dana,  about  J.80  feet 
lower  than  the  Warren,  but  some  detached  bars  strengthen  the 
expectation  of  finding  this  water  level  in  the  Erie  basin. 

For  the  accurate  mapping  of  these  several  beaches,  it  is  de- 
sirable to  have  the  topographic  sheets  of  the  quadrangles  imme- 
diately south  and  east  of  the  Buffalo  quadrangle.  Indeed  the 
entire  row  of  sheets  on  the  parallel  of  Buffalo  are  needed  far 
the  full  investigation  of  the  glacial  lake  history.  As  the  study 
of  ancient  lake  phenomena  makes  so  large  use  of  land  altitudes^ 
the  topographic  sheets  are  specially  requisite.  But  the  topog- 
raphers should  have  sufficient  knowledge  of  the  genesis  of  land 
forms  to  prevent  their  running  contour  lines  up  and  down 
across  conspicuous  horizontal  beaches,  as  in  the  present  sheets. 

Economic  geology 
In  economic  geology  Dr  Heinrich  Kies  of  C-ornell  University 
has  been  occupied  with  the  study  of  the  peat  and  marl  deposits 
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of  the  state,  and  has  prepared  a  paper  on  these  subjects,  which 
is  included  in  the  present  report.  The  growing  interest  in  this 
country  in  the  uses  of  peat  makes  this  investigation  a  matter 
of  general  importance  and  it  seems  probable  that  as  soon  as  suf- 
ficient capital  has  been  invested  to  make  practical  tests  of  the 
methods  of  utilizing  this  material,  it  will  become  more  exten- 
sively a  matter  of  commercial  importance. 

This  review  of  the  peat  industries  and  the  occurrence  of  the 
material  in  New  York  State  is  only  preliminary  and  further  field 
work  is  being  carried  on  for  the  preparation  of  an  extended 
report,  giving  descriptions  of  the  various  important  deposits  of 
peat  which  occur  within  the  limits  of  the  State. 

A  report  on  the  lime  and  cement  industries^  of  New  York  by 
the  same  author,  to  which  Mr  Edwin  C.  Eckel  has  contributed 
several  chapters,  is  now  in  type  and  will  soon  be  issued  as 
Museum  bulletin  44.  A  short  paper  on  the  geology  of  molding 
sand  is  contributed  to  this  report  by  Mr  Eckel. 

The  chief  work  of  the  office  in  economic  geology  has  been 
the  preparation  of  an  exhibit  of  the  mineral  resources  of  the 
State  for  the  Pan-American  Exposition.  This  exhibit  was  made 
up  with  the  help  oi  an  appropriation  of  about  $9000  from  the 
state  board  of  managers,  and  at  the  close  of  the  exposition  will 
be  installed  in  Geological  Hall.  In  the  progress  of  the  work, 
statistics,  which  will  form  the  subject  of  a  report  on  mineral 
products,  have  been  obtained  from  all  the  mineral  producers  in 
the  State. 

During  the  year  a  large  nun\ber  of  letters  were  received, 
requesting  information  in  regard  to  the  geologic  structure  of 
portions  of  the  State,  or  making  inquiries  about  the  value  of 
specimens  of  various  mineral  products.  Many  inquiries  were 
also  received  from  manufacturers  located  outside  the  State, 
requesting  aid  in  obtaining  supplies  of  certain  mineral  products, 
or  in  locating  new  industries  based  on  our  mineral  resources. 

These  letters  as  in  former  years  were  answered  promptly  and 
as  fully  as  possible. 
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THE  NORTHUMBERLAND  VOLCANIC  PLUG 

BY  J.  B.  WOODWORTH 

In  the  summer  of  1901,  the  writer,  in  making  a  reconnaissance 
of  the  Pleistocene  deposits  of  the  Hudson  valley  in  the  vicinity 
of  Schuylerville,  came  on  an  undescribed  occurrence  of  igneous 
rock  in  the  form  of  a  low  knob  in  the  town  of  Northumberland. 
The  accompanying  map,  plate  2,  shows  the  position  of  this 
small  knob,  about  1  mile  north  of  the  village  of  Schuylerville,  on 
the  west  bank  of  the  Hudson  river. 

The  right  bank  of  the  Hudson  river  here  consists  of  the  usual 
bluff  of  Hudson  river  slates  partly  masked  by  Pleistocene  clays. 
The  igneous  rock,  being  more  resistant  to  erosion  than  the 
fragile  slates,  has  withstood  better  the  glacial  erosion  to  which 
the  region  has  been  subjected  and  therefore  stands  out  as  a  sort 
of  buttress  from  the  main  wall  of  the  inner  Hudson  valley  or 
gorge.  Much  like  the  volcanic  necks  and  plugs  about  Edinburgh 
in  Scotland,  this  hard  mass  has  been  deeply  scoured  at  base  on 
the  ice-struck  side.  In  fact,  all  of  the  present  relief  of  this  plug 
and  the  adjacent  river  valley  is  due  to  the  action  of  the  river 
combined  with  that  of  the  ice  sheet  of  the  glacial  period. 

The  summit  of  the  knob  scarcely  attains  the  level  of  the  up- 
land which  lie«  west  of  the  river.  A  slight  depression  west  of  the 
plug  serves  to  give  it  the  appearance  of  a  low  knob  (pi.  3)  when 
viewed  from  the  upland,  but  at  a  distance  it  is  relatively  incon- 
spicuous. This  fact,  taken  in  connection  with  the  dark  color  of 
the  rock  in  which  respect  it  closely  resembles  the  adjacent  Hud- 
son series,  perhaps  accounts  for  its  going  so  long  unnoticed  or  at 
least  undescribed  by  the  geologists  who  have  passed  through  the 
upper  Hudson  valley.  There  is  no  mention  of  the  knob  by  Peter 
Kalm  or  later  observers;  yet  it  appears  from  Brandon's^  histori- 
cal map  of  Old  Saratoga  that  General  Stark  of  the  American 
army  occupied  the  eastern  base  of  this  knob  during  the  battle  of 
Saratoga.  Until  the  knob  sliall  have  b(HMi  dug  away  for  road 
metal,  it  seems  not  inappropriate*  to  designate  it  as  Stark's 
Knob,  and  that  name  will  be  used  in  this  paper  for  convenience 
of  reference. 


*  Brandon,  Rev.  John  Henry.    Story  of  Old  Saratoga.    Albany  1900. 
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Oeoloi^c  relations  of  Stark's  Knob 
Stark's  Knob  igneous  mass  ]ies  surrounded  on  the  ground  by 
the  Hudson  river  slates.  The  accompanying  sketch  map,  figure  1, 
exhibits  the  essential  features  of  the  geologic  relations.  The 
Hudson  slates  are  highly  iucliued,  cleaved,  and  much  brokea 
rocks.     A  general  northeast  and  southwest  strike  of  the  beds 


.howing  boundaries  as  they  appear  wbeD 
i,  (ff.    The  close  set,  parallel  1 

the  position  al  outcrops  al  the  Hudson  river  slates,   the  arrows  the  direction  of  dip; 

the  wide  set  lines  exhibit  the  average  strike  of  the  slates  in  the  vlclhitT. 

is  observed  in  this  district,  but  in  the  vicinity  of  Stark's  Knob 
this  direction  is  departed  from  on  the  east  quite  down  to  the 
river  road.  So  far  as  ray  own  observations  go,  there  are  no 
small  dikes  radiating  from  the  main  igneous  mass  into  the  adja- 
cent cleaved  sedimentary  rocks,  nor  are  there  any  noticealile 
signs  of  metamorphism  in  these  rocks  attributable  to  the  heating 
action   of   the   lavas   in   the   plug.      The  Hudson   river    group 
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throughout  this  region  is  somewhat  altered,  but  not  more  bo  at 
Stark's  Knob  thau  remote  from  it.  In  the  road  on  the  south- 
east of  the  knob,  veins  of  calcite  fill  cavities  of  dislocation  in 
the  slates  and  are  probably  to  be  referred  to  Bolfataric  action 
attendant  on  the  irruption  of  the  igneous  rock  in  the  neighboring 
knob.  This  lack  of  contact  metamorphism,  unless  such  altera- 
tion be  limited  to  baking,  which  was  not  observed  in  the  acces- 
sible portion  of  the  contact,  and  the  failure  of  apophyses  or 
branching  dikes  are  points  of  little  value  in  determining  the 
origin  of  the  igneous  rock  in  the  knob.  It  remains  to  determine 
by  other  evidences  whether  the  rock  is  intrusive  or  extrusive. 
On  the  southeast  side  of  the  igneous  mass  and  dissecting  its 
border  are  two  faults;  that  on  the  eastern  side  strikes  n.  9°  e., 


that  on  the  southeast,  n.  54°  e.  The  southeastern  fault  is 
downthrown  on  the  northwest,  as  on  this  side  there  is  to  be  seen 
the  slate  underlying  a  mass  of  trap  on  the  southeast  of  the  fault. 
The  complete  relations  of  the  igneous  to  the  sedimentary  rocks 
on  this  side  are  not  shown.  Figure  2,  which  is  a  diagrammatic 
representation  of  the  cross  section  of  the  knob  and  its  peculiar 
internal  structure,  shows  this  fault,  but  the  figure  is  purposely 
drawn  with  some  vagueness  on  the  extreme  left  of  the  igneous 
rock  (pi.  4). 

To  sum  up  the  geologic  relations  of  the  Stark's  Knob  igne- 
ous mass,  it  is  surrounded  on  all  sides  bv  tha  Hudson  river 
slates.  The  principal  mass  is  relatively  faulted  down  into  these 
sedimentary  rocks  on  the  south  and  east.  To  the  eye  there 
appears  no  distinct  evidence  of  contact  metamorphism;  yet  the 
mass  appears  to  be  the  superficial  portion  of  a  body  which 
extends  downward  into  the  slatee  and,  from  lie  general  form  and 
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fiurroundings,  strongly  suggests  a  neck  or  plug  rising  up  through 
Ihe  Hudson  river  group  at  this  point.  The  manner  in  which  the 
slate  body  dips  beneath  the  igneous  mass  on  the  northeast, 
expressed  in  figure  2,  appears  to  indicate  th«^t  the  neck  or  plug 
does  not  extend  vertically  downward  through  the  slates  but  fol- 
lows guiding  planes  of  structure.  It  is  conceivable  that  the 
igneous  rock  once  overlay  the  surface  of  the  slates,  has  been 
tilted  with  them  in  one  of  the  orogenic  movements  of  the  region, 
and  has  subsequently  been  faulted  and  thus  separated  from 
other  masses  of  igneous  rock  which  are  now  removed  by  eros- 
ion; but  this  view  is  not  borne  out  by  the  observed  geologic  rela- 
tions as  now  exposed. 

Structiire  of  the  Stark's  Knob  rock.  The  rock  of  which  Stark's 
Knob  is  composed  is  complex  in  structure.  The  petrography 
which  has  been  w^orked  up  by  Professor  Gushing  is  described 
in  the  note  appended  to  this  article.  What  is  here  stated  shoald 
be  viewed  in  the  light  of  Professor  Cushing's  studies  made 
mainly  after  this  paper  was  written.  The  exposed  faces  ex- 
hibit cross  sections  of  ball  and  pear  shaped  masses  em- 
bedded in  a  base  having  a  shaly  structure.  The  crust  of  these 
balls  consists  of  a  layer  of  dense,  dark  colored  basic  rock  of  the 
diabase  type,  surrounding  a  variable  nucleus  of  ashy,  rather 
porous,  pumiceous  looking  lava  in  most  cases,  and  more  rarely 
an  included  marginally  absorbed  fragment  of  white,  semicrys- 
talline  limestone. 

The  line  of  demarcation  between  the  three  elements  in  the  rock 
structure  is  usually  very  sharp,  and,  wh(»re  the  shaly,  fine 
grained  base  has  peeled  away  from  the  surface*  of  the  lava  balls**, 
the  surface  of  the  latter  resembles  the  coarse,  bulging  flowage 
surface  of  basalt  streams,  such  as  are  seen  on  Hawaii.  The 
whole  has  the  appearance  of  a  mass  of  bombs  or  lava  balls,  in- 
closing scoriaceous  lava,  or  foreign  inclusions  embedded  in  a 
basaltic  glass  which  has  devitrified  and  is  scaling  to  pieces 
along  lines  of  flowage.  A  more  probable  explanation  of  the 
structure  is  that  this  mass  represents  a  volcanic  thyoat  or 
plug  at  some  depth  below  the  actual  vent  or  crater  but  not 
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below  the  point  to  which  explosive  prodnota  may  have  fallen 
back  in  tlie  volcano  there  to  become  embedded  in  still  hot  lava. 
Certainly  the  gross  structure  of  the  rock  recalls  many  lava 
sheets  with  locally  fonued  explosive  products,  and  the  same 
structure  is  to  be  observed  in  the  lava  flows  of  the  Xewark 
formation  of  Triassic  age  in  the  Connecticut  valley^  (flg.  3).  The 
accompanying  photograph,  plate  5  of  the  walls  of  Stark's  Knob 
shows  the  general  striictiire.- 

The  fragment  shown  in  figure  2,  lying  south  of  the  fault,  is 
more   massive   than   the   main    stock,    and    the   ground    mass 


approaches  more  nearly  the  dense,  dark  basalt,  but  here  are 
also  developed  amygdules. 

A  hand  specimen  obtained  liere  displayed  fairly  coarse  cry- 
stals of  plagioclase,  indicative  of  an  intratelluric  origin,  such  as 
are  common  in  the  diabase  of  many  dikes.  This  combination  of 
the  characteristics  of  dike  rocks  and  of  effusive  explosive  prod- 
ucts makes  Stark's  Knob  one  of  the  most  inteit'sting  igneous 
occurrences,  small  as  it  is,  within  the  limits  of  the  State. 

'Emerson,  B.  K,  Diabase  Pitcbstone  nnti  Mad  Enclosures  of  the  Trl- 
aaslc  Trap  of  New  England.  Gool,  Soc.  Am.  Bui.  1897.  8:59-96.  For. 
an  illustration  of  tbe  ball  structm-e  at  Sreilden  Ct.,  se«  Davis,  W.  M.. 
The  Lost  Volcanoes  of  Connecticut.  Ton.  Sci.  Mo.  1891,  ii.  221,  flg.  1; 
U.  S.  Geol.  Sur.    18tli  Eep't.    ISStS.    pt  2,  p.  05. 

Theee  views  were  obtaineil  for  the  museum  by  Messrs  H.  C.  Magnus 
aud  H.  P.  WhlOocb. 
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Several  details  of  tbe  rock  structure  remain  to  be  noted. 

Jointinf  of  the  lava  cruBts.  Ttie  globular  surfaces  of  the  laya 
cmsta  of  the  balls  are  beset  with  a  network  of  cracks  perpen- 
dicular to  the  surface.  The  general  appearance  of  these  joints 
as  they  are  revealed  on  cross  sections  of  the  structure,  is  shown 
in  figure  3.  On  exposed  walls,  the  lava  crusts  frequently  fall  to 
pieces  in  short  polygonal  joint  columns  similar  to  basaltic 
columns. 

So  far  as  I  have  seen  them,  these  joints  do, not  penetrate  the 
Bcoriaceous  interior  of  the  balls  or  the  limestone  inclusions  ex- 
cept it  be  in  one  or  two  cases  of  the  latter  rock,  as  shown  in  fig- 
are  4,  where  dikelets  cut  across  the  iuclusions. 


These  dikelets  are  in  all  cases  conterminous  with  the  crusts 
of  dark,  dense  rock  surrounding  the  limestone.  In  one  instance 
as  many  as  three  parallel  cracks  in  the  limestone  inclusion  have 
thus  been  filled.  These  inclusions  are  notable  at  the  north* 
eastern  corner  of  the  knob. 

The  inclusions  of  limestone  point  to  an  irruption  through  the 
lower  paleozoic  limestones  which  must  occur  in  this  field  beneath 
the  Hudson  terrane.  It  is  questionable  whether  the  present 
color  of  the  limestone  can  be  taken  as  evidence  of  the  original 
rock  having  been  a  white  crystalline  limestone,  since  the  organic 
matter  which  gives  the  dark  color  to  the  Lower  Silurian  lime- 
stones of  the  upper  Hudson  valley  would  be  driven  ofC  in  the 
heating  of  the  rock.    The  inclusions  may  be  appealed  to  as  evi- 
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dence  that  the  trap  came  up  through  the  Silurian  and  subjacent 
terrane,  as  held  in  this  paper,  and  that  the  rock  is  not  to  be  re- 
garded as  an  in-faulted  remnant  of  a  lava  flow  once  covering  the 
Hudson  terrane  in  this  vicinity. 

The  occurrence  of  these  inclusions  surrounded  by  the  lava 
crusts  throws  some  light  on  the  origin  of  the  ball  structure. 
These  foreign  fragments  having  absorbed  edges  would  doubtless 
rob  the  surrounding  lava  of  heat  and  thus  become  centers  of 
cooling.  The  lava  next  to  the  inclusions,  thus  robbed  of  some 
of  its  heat  and  further  altered  in  composition  by  the  absorption 
of  lime  carbonate,  might  cool  more  quickly  and  with  a  different 
structure  from  that  of  the  ground  mass.  In  this  view  the  lava 
crusts  are  tachylitic  variations  of  the  magma  both  about  the 
limestone  inclusions  and  about  the  cindery  nodules.  The  pum- 
iceous  nodules,  resembling  the  centers  of  many  so  called  bombs, 
evidently  may  arise  from  the  occlusion  and  segregation  of  gases 
in  the  lava.  The  explosive  expansion  of  these  gases  would  pro- 
duce a  sudden  lowering  of  temperature,  liowever  slight,  even 
under  the  conditions  of  a  hot  magma,  possibly  sufficient  to 
determine  the  initiation  of  cooling  in  the  contiguous  lava,  and 
thus  would,  in  conjunction  with  the  chemical  reaction  on  the 
lava,  lead  to  the  development  of  a  tachylitic  zone  in  the  basalt 
about  the  gas-charged,  vescicular  lava.  This  effect  would  arise 
as  well  from  slaked  limestone  inclusions  as  from  simple  gas- 
charged  lavas.  In  the  case  of  the  limestone,  the  gas  would  be 
derived  from  the  absorbed  portion  of  the  rock. 

The  surrounding  ground  mass  with  a  flowage  structure,  in 
which  such  lava  balls  are  commonly  embedded,  evidently  owes 
its  structure  to  later  and  more  rapid  cooling. 

The  fine  grained  ground  mass  with  fissile  structure  is  much 
disintegrated  at  Stark's  Knob.  It  appears  to  the  eye  in  many 
places  to  be  clayey  or  sandy,  often  weathering  to  a  black,  sandy 
mud.  It  is  frequently  ramified  by  small  calcite  veins.  Where 
fresh  exposures  occur,  the  rock  has  a  resinous  luster  and  is 
here  taken  to  be  a  diabase  pitchstone.  It  has  not  been  studied 
in  thin  sections. 
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Stark's  Knob  as  a  source  of  road  metal.  This  occurrence  of  trap 
affords  a  small  supply  of  the  best  road  metal  obtainable  in  the 
upper  Hudson  valley,  and,  if  judiciously  employed  as  the  surface 
dressing,  would  serve  to  make  macadamized  roads  in.  the 
vicinity.  The  outline  of  the  base  of  the  knob  has  a  north  and 
south  extension  of  about  320  feet  and  a  breadth  east  and  west  of 
240  feet.  Assuming  the  volume  of  trap  on  this  base  to  have  an 
average  thickness  of  15  feet  above  the  level  at  which  it  might 
be  advantageous  to  work  the  material,  there  are  hc^re  approxi- 
mately 117,000  cubic  yards  of  rock  in  place  available  for  local 
road  metal  (see  pi.  6). 

PKTROGRAPHY  AND  AGE  OF  THK  NORTHUMBERLAND  ROCK 

BY  H.  r.  GUSHING 

Introduction.  The  material  sent  me  for  examination  consists 
of  several  fragments  which  have  come  from  either  the  crusts 
of  the  lava  balls  described  by  Professor  Woodworth,  or  else 
from  the  surrounding  ground  mass  in  which  the  balls  are  em- 
bedded; also  a  single  specimen  of  the  rock  from  the  south  side 
of  the  fault.  There  are  no  specimens  of  the  scoriaceous  material 
forming  the  inner  portion  of  the  balls,  nor  of  the  limestone  in- 
clusions. All  the  material  is  so  badly  altered  that  a  satis- 
factory optical  and  chemical  study  of  it  can  not  be  made,  and 
the  rock  has  no  special  petrographic  interest.  The  field  occur- 
rence is  of  great  interest,  as  shown  by  Professor  Woodworth. 
There  remains  the  matter  of  correlation. 

Petrographic  description.  The  material  from  the  throat  show» 
a  black,  fine  grained  to  aphanitic  rock,  with  frequent,  culcite- 
filled  amygdules  and  many  seams  and  patches  of  the  same 
mineral.    The  two  slides  made  from  it  differ  mainly  in  grain. 

The  finer  grained  rock  consists  of  a  network  of  minute  feld- 
spar laths,  with  a  general  radial  or  else  spherulitic  arrangement. 
They  show  no  twinning  and  for  the  most  part  extinguish  nearly 
parallel  to  their  longer  axes.  They  are  studded  with  minute 
magnetite  crystals,  and  belong  to  the  oligoclase  andesin  series. 

The  interspaces  are  filled  with  opaque,  decomposition  i)rod- 
ucts.     It  is  not  certain  that  the  point  of  crystallization  of  augite 
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had  been  reached.  In  the  noigliborhood  of  the  amygduh's 
specially  it  seems  quite  certain  that  at  least  some  glassy  base 
remained.  Irregular  masses  of  calcite  are  frequent  throughout, 
and  the  presence  of  some  olivin  is  indicated  by  the  crystal  out- 
lines remaining,  though  the  mineral  is  so  utterly  decomposed 
(showing  a  mixture  of  quartz,  calcite  and  opaque  uncertain 
material)  that  no  positiveness  is  possible. 

The  other  rock  is  somewhat  coarser.  It  shows  rather  abund- 
ant olivin,  wholly  altered  to  a  greenish,  chloritic  aggregate.  The 
determination  is  based  on  the  shape  and  size,  it  having  been 
plainly  the  first  mineral  to  form.  The  feldspars  are  in  two 
sizes,  both  tending  to  the  long,  lath  shape,  and  mostly  showing 
twinning.  The  greatest  obsc^rved  extinction  is  22°,  but  the 
majority  are  much  less,  between  10°  and  15°,  and  most  of  the 
laths  which  show  no  twinning  extinguish  nearly  parallel.  There 
are  likely  present  therefore  both  labradorite  and  andesin,  and 
perhaps  oligoclase  as  well.  The  mineral  is  not  fresh,  being 
largely  altered  to  calcite  and  quartz.  The  interspaces  are  filled 
by  a  mixture  of  calcite,  and  chlorite  aggregate,  likely  the  result 
of  augite  decomposition.  Considerable  magnetite  is  present. 
The  rock  seems  to  be  an  olivin-diabase-porphyrite,  and  like  many 
olivin  diabases  shows  considerable  preponderance  of  feldspar 
over  augite,  resulting  in  only  a  rough  approximation  to  the 
ophitic  structure. 

Both  rocks  are  amygdaloidal.  The  universal  filling  is  calcite, 
with  an  outer  rim  of  clear,  glassy  quartz,  commonly  very  narrow 
and  sometimes  absent.  The  two  are  invariably  separated  by  a 
sharp,  narrow,  dark  band  of  uncertain  nature.  The  quartz 
was  of  course  deposited  first,  no  doubt  from  silicious  waters 
while  the  material  yet  retained  some  residual  heat.  The  calcite 
was  later,  perhaps  much  later. 

Both  these  rocks  have  the  characters  of  surface  lavas,  and 
could  not  have  solidified  at  any  great  depth  beneath. 

The  rock  from  south  of  the  fault  is  not  amygdaloidal  and  of 
considerably  coarser  grain.  It  is  also  the  least  altered  of  any, 
and  is  a  perfectly  normal  olivin  diabas(\  Minute,  glittering  feld- 
spar laths  are  easily  made  out  by  the  eye. 
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The  original  rock  would  seem  to  have  been  quite  rich  in  olivin. 
It  is  now  wholly  altered,  mostly  to  chlorite,  though  in  some  of 
the  larger  individuals  patches  of  serpentine  remain  in  the  midst 
of  the  chlorite,  the  whole  combination  showing  distinct  mesh 
structure. 

The  pyroxene  is  also  wholly  altered,  and  to  a  mixture  of  cal- 
cite  and  chloritic  aggregate.  Some  of  the  calcite  is  in  crystals 
of  considerable  size,  and  some  of  these  present  apparent 
pyroxene  outlines,  as  if  in  these  cases  the  alteration  had  been 
to  calcite  simply.  Not  a  particle  of  unaltered  pyroxene  could 
be  detected.  In  many  instances  it  is  not  possible  to  be  sure 
whether  the  original  mineral  was  olivin  or  pyroxene,  but  in  the 
majority  it  is  possible.  There  is  considerable  magnetite  present 
in  minute  crystals,  but  the  amount  is  rather  scant  in  comparison 
with  most  diabases. 

The  feldspars  are  of  the  long,  lath  shape,  and  the  majority 
show  multiple  twinning.  The  extinctions  are,  in  general,  not 
over  15°  but  in  two  or  three  cases  run  up  to  20°.  This  may 
indicate  the  presence  of  both  andesin  and  labradorite,  but  in  any 
case  the  feldspar  is  not  very  basic.  The  alteration  products  of 
the  augite  fill  the  interspaces  between  the  feldspar  laths,  giving 
an  approximation  to  the  ophitic  structure,  though  by  no  means 
well  marked. 

The  holocrystalline,  nonamygdaloidal  and  nonporphyritic 
character  of  this  rock  shows  that  it  must  have  cooled  under 
different  conditions  from  the  others;  and  Professor  Wood- 
worth's  paper  indicates  the  likelihood  of  this,  since  a  fault  inter- 
venes, which  downthrows  to  the  north,  implying  that  the  rock 
on  the  south  is  from  a  deeper  seated  source.  Professor  Wood- 
worth  writes  me  that  his  idea  is  that  one  passes  here  from  the 
throat,  with  ball  structure,  to  a  conduit  in  which  the  lava  cooled 
under  different  conditions,  but  that  the  exposures  are  not  suffi- 
ciently good  to  permit  of  certainty  in  the  matter.  The  sections 
would  seem  to  reinforce  this  interpretation. 

Correlation.  Though  the  rock  possesses  no  special  petro- 
graphic  interest,  being  an  ordinary  rotten  diabase,  it  is  inter- 
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esting  from  another  standpoint,  that  of  its  probable  age  and 
associations.  Its  surroundings  permit  no  more  definite  asser- 
tion concerning  its  age  than  that  it  must  be  younger  than  the 
Hudson  slates  which  it  cuts.  This  renders  a  reference  to  the 
pre-Cambrian  diabase  of  the  region  impossible,  though  there  is 
a  strong  resemblance  in  the  rocks.  There  remain  the  basic 
eruptives  of  the  Champlain  and  Mohawk  valleys  and  the  traps 
of  the  Trias,  as  representatives  of  the  only  known  periods  of 
vulcanism  of  post-Ordovician  date  in  the  region.  The  rock  must 
either  be  referred  to  one  or  the  other  of  these,  or  else  must  stand 
by  itself  as  the  single  representative  of  a  heretofore  unknown 
time  of  igneous  activity,  a  mpst  unlikely  though  not  impossible 
contingency. 

The  eruptives  of  the  Champlain  valley  are  younger  than  the 
Utica  shale  of  the  Ordovician,  though  their  precise  age  is  un- 
known. They  comprise  both  acid  (bostonites)  and  basic  (camp- 
tonites,  monchiquites  and  fourchites),  basaltlike  rocks,  of  the 
sort  usually  found  in  association  with  nephelin  syenite  eruptives, 
such  rocks  occurring  in  Canada  directly  to  the  northward.  With 
the  exception  of  one  single  dike  noted  by  Kemp,  none  of  these 
rocks  are  diabases,  though  the  known  number  of  basic  dikes  is 
large,  and  it  would  therefore  seem  to  be  at  least  an  open  ques- 
tion as  to  whether  this  dike  should  be  properly  classed  with  the 
remainder.^  Its  nearly  north-south  trend  is  certainly  excep- 
tional for  the  region,  and  it  may  be  a  stray  dike  of  Triassic  age. 

The  eruptives  of  central  New  York  are  all  exceedingly  basic 
rocks,  alnoites  and  peridotites.  Smyth's  recent  discovery  of 
melilite  in  the  Syracuse  rock  would  seem  to  indicate  the  proba- 
bility that  all  of  these  rocks  may  prove  to  be  alnoites.^  The 
dikes  about  Manheim  cut  Ordovician  rocks,  those  at  Syracuse 
cut  the  Silurian,  and,  if  the  dikes  at  Ithaca  belong  to  the  same 
group,  a  late  Paleozoic  age  is  indicated  for  all,  since  these  cut 

the  Upper  Devonian.^    They  are  so  utterly  different  in  character 

* 

*U.  S.  Geol.  Sur.  Bui.  107,  p.  48. 

fAm.  Jour.  Sci.  ser.  4.  14:26-30. 

•Kemp,  J.  F.  Am.  Jour.  Sci.  ser.  3.  42-410. 
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from  the  Northumberland  rock  that  there  can  be  no  question 
of  correlating  them. 

The  Triassic  traps  are  uniformly  diabases.  They  are  in 
general  quite  similar  to  the  Northumberland  rock  except  that 
olivin  is  usually  lacking  in  them.  But  Professor  Emerson,  while 
remarking  on  the  absence  of  olivin  in  the  main  trap  sheets  of  the 
Massachusetts  Trias,  reports  it  as  more  or  less  abundant  in  the 
smaller  dikes  which  cut  the  adjacent  gneisses,  and  in  some  of 
the  later  plugs.^  It  is  also  sometimes  jiresent  in  the  New  York 
and  New  Jersey  traps.  Therefore  the  presence  of  olivin,  while 
enforcing  caution  as  to  the  reference  of  the  Northumberland 
rock  to  the  Trias,  is  not  an  insuperable  objection. 

The  writer  is  therefore  disposed  to  refer  the  Northumberland 
rock  to  the  Trias,  because  of  its  character,  but  it  should  be  em- 
phasized that  it  is  a  disposition  simply.  It  is  put  forward  as  a 
working  hypothesis.  The  first  sight  of  the  thin  sections  sug- 
gested the  reference,  and  it  is  of  interest  to  note  that  Professor 
Woodworth  had  come  to  the  same  conclusion  on  whollv  different 
grounds.  An  obvious  objection  to  the  reference  at  once  arises, 
its  isolation  and  distance  from  any  known  Trias  traps  and  sedi- 
ments. In  answer  to  this  it  may  be  legitimately  argued  that 
the  remnants  of  the  Trias  formation  can  give  no  idea  of  its 
original  extent,  and  that  the  traps  might  well  therefore  have  a 
much  wider  distribution  at  present  than  the  sediments,  since 
they  came  up  from  beneath.  Also  that  there  seems  no  a  priori 
reason  why  they  may  not  have  had  an  original  wider  distribu- 
tion than  the  sediments,  since  the  disturbances  which  character- 
ized the  period  can  hardly  have  been  confined  to  the  actual 
troughs  where  deposition  was  going  on,  or,  rather,  where  exr<*n- 
sive  deposition  was  going  on.  To  quote  from  a  letter  of  Pro- 
fessor Woodworth's:^ 

I  have  thought  from  the  habit  and  mode  of  occurrence  of  this 
rock,  that  it  may  be  a  part  of  the  Triassic  eruptions  lying  on,  or 


»U.  S.  Geol.  Sur.  Monograph.    29:412,493. 

^Professor  Vi^oodworth  and  I  arrived  at  the  opinion  of  the  Triassic  age 
of  the  Northumberland  rock  independently,  from  different  lines  of  evidence 
and  prior  to  entering  into  correspondence  on  the  matter. 
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near,  the  floor  of  a  former  Triassic  area  north  of  the  Highlands 
of  the  Hudson.  Such  a  view  of  the  origin  of  the  Hudson  valley 
north  of  the  Highlands  is  borne  out  by  the  evident  structure  of 
the  valley  south  of  the  Archaean  ridge,  and  is  not  incompatible 
with  the  structure  of  the  Hudson  and  other  terranes  to  the 
north.  . 

A  final  reason  for  the  reference  of  the  rock  to  the  Trias  is  ItB 
near-surface  character.  The  field  occurrence  as  described  by 
Professor  Woodworth,  and  the  character  of  the  rock,  both  mega- 
scopic and  microscopic,  indicate  surface  volcanic  action.  Now, 
while  surface  lavas  are  abundant  in  the  Trias  traps,  we  know 
of  no  such  among  the  eruptives  of  the  Champlain  valley,  the 
basic  rocks  there  all  being  in  the  dike  form.  To  be  sure,  the 
rocks  of  the  letter  cooled  at  no  great  depth  below  the  surface 
and  may  have  outflowed  there,  but  no  vestige  of  such  rocks  now 
remains. 

In  conclusion,  the  only  known  New  York  igneous  rocks  to 
which  the  Northumberland  rock  can  be  referred,  are  those  of  the 
Champlain  valley,  and  the  diabases  of  the  Newark  series. 
Because  it  is  a  diabase,  and  a  volcanic,  rather  than  an  intrusive 
rock,  the  latter  reference  is  regarded  as  the  more  probable.  But 
it  must  be  reiterated,  at  the  risk  of  becoming  wearisome,  that 
the  evidence  is  far  from  decisive,  and  that  this  view  is  pro- 
mulgated as  a  working  hypothesis  simply. 
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LATEST  AND  LOWEST  PRE  IROQUOIS  CHANNELS 
BETWEEN  SYRACUSE  AND  ROME 

Location  and  character  of  the  channel  phenomena 

A  former  report  of  the  writer^  gave  descriptions  of  the  an- 
cient, elevated  stream  channels  which  lie  across  the  north-facing 
slopes  of  the  great  ridges  between  Syracuse  and  Oneida.  Those 
high  ancient  channels  were  cut  by  eastward  flowing  waters 
escaping  past  the  front  of  the  glacier  when  the  ice  sheet  was 
slowly  melting  away  from  the  higher  ground.  In  that  report 
mention  was  made  of  the  later  and  lower  channels,  which  lie  on 
the  plain  at  the  north  edge  of  the  slopes.  A  description  of 
these  low  channels  will  now  be  given. 

These  lowest  channels  were  the  last  formed  in  the  district 
previous  to  the  establishment  of  Lake  Iroquois.^  They  lie  at  the 
south  edge  of  the  Ontario  plain,  close  against  the  foot  of  the 
slopes  or  against  the  outlying  hills.  They  form  level,  water- 
planed  stretches  which  are  utilized  from  Syracuse  to  Rome, 
about  40  miles,  by  the  New  York  Central  Railroad,  and  between 
Syracuse  and  Canastota  by  the  Erie  canal.  The  accompanying 
maps  (pis.  7-10)  indicate  the  location  of  the  channels  and  stream- 
cut  banks. 

That  these  channels  were  formed  at  the  immediate  edge  of 
the  glacier,  by  stream  flow  squeezed  between  the  ice  front  and 
the  high  ground  or  hills  on  the  south,  is  clearly  shown  by  the 
absence  of  north  banks  to  the  channels  for  most  of  the  distance. 
At  many  places  the  lower  land  surface  is  a  smooth  plain,  sloping 
gently  to  the  northward.     The  glacier  is  the  only  conceivable 


^N.  Y.  State  Geologist.  20th  An.  Rep't.  p.  rll9.  In  the  introduction  to 
that  paper  win  be  found  a  list  of  the  writings  on  the  subject  of  ancient 
stream  channels  in  western  New  York. 

To  clearly  understand  the  present  paper  the  reader  should  have  in  hand 
four  sheets  of  the  New  York  State  topographic  map,  namely,  Syracuse, 
Chittenango,  Oneida  and  Oriskany.  Those  sheets  may  be  obtained  for  5 
cents  each  from  the  United  States  Geological  Survey,  Washington  D.  C. 

*A  map  of  the  glacial  lake  Iroquois  Is  published  as  plate  19,  in  the  20th 
annual  report  of  the  state  geologist. 
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barrier  that  could  ever  have  held  the  waters  against  the  slopes 
of  the  higher  ground  so  as  to  produce  the  bluffs  by  stream  eros- 
ion. The  glacier  was  not  only  a  competent  agent,  but  all  the 
facts  prove  that  it  was  the  agent. 

Where  embayments  held  slack  water,  as  at  Oneida,  the  banks 
and  channel  features  are  wanting.  The  salients  or  exposed  hillSy 
whether  drumlins,  moraines  or  outliers  of  shale,  have  their  north 
flanks  cut  into  banks  or  bluffs,  attesting  the  work  of  vigor- 
ous currents.  At  many  places  these  long,  steep  banks  are  very 
conspicuous  phenomena,  {see  pi.  11-31)  At  first  sight  tlie 
suggestion  might  be  entertained  that  the  banks  had  been  pro- 
duced by  wave  cutting,  specially  since  they  lie  near  the  level  of 
Lake  Iroquois,  and  in  the  same  great  basin.  A  very  little  study 
of  the  subject,  however,  disproves  the  idea  of  wave  erosion.  In 
order  to  forestall  profitless  discussion,  the  argument  may  be 
briefly  stated. 

As  a  general  statement,  it  may  be  said  that  the  banks  do  not 
have  the  characters  of  wave-cut  cliffs.  Opportunity  for  com- 
parison is  at  hand,  as  only  a  few  miles  to  the  northward  are  the 
undoubted  wave-cut  cliffs  on  the  drift  hills  which  stood  as 
islands  in  the  waters  of  Lake  Iroquois.  The  slopes  under  dis- 
cussion have  an  entirely  different  form^  character  and  relation- 
ship to  the  surrounding  surfaces  from  the  Iroquois  cliffs.  These 
stream  banks  lie  on  the  side  of  the  hill  or  salient  where  a  theo- 
retic stream  would  erode,  and  nowhere  else.  They  do  not  occur 
on  the  sides  of  the  hill  where  wave  action  should  have  been  ef- 
fective if  the  latter  were  the  agency.  The  banks  do  not  curve 
around  the  hills  like  wave-eroded  notches,  but  usually  form 
long,  comparatively  straight  bluffs,  strongest  on  the  northwest 
flanks.  Many  of  the  banks  lie  at  an  altitude  much  above  the 
level  of  Lake  Iroquois,  and  above  the  highest  undoubted  Iroquois 
cliffs  in  the  Syracuse  region.  The  banks  are  cut  in  the  Salina 
shale  rock,  and  are  larger  and  stronger  every  way  than  the 
Iroquois  cliffs.  Indeed  the  strongest  of  the  Iroquois  wave  cut- 
tings in  the  Syracuse  region  does  not  compare  in  quantitative 
effect  with  the  weaker  of  the  stream-cut  rock  bluffs.    Moreover, 
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these  rock  banks  are  at  such  slight  altitudes  above  the  plains 
which  they  face  that  standing  water  could  not  have  had  enough 
depth  to  produce  efficient  wave  action.  The  argument  may  be 
condensed  in  the  broad  statement  that  the  entire  phenomena 
of  the  banks,  their  form,  position,  relation  to  surrounding  topog- 
raphy, and  all  other  characters,  prove  their  stream  genesis. 
These  characters  will  appear  in  the  descriptions  following,  with 
the  illustrations.  It  should  be  said,  moreover,  that  the  history 
of  the  glacial  retreat  from  the  region  and  the  history  of  the 
glacial  waters  (given  in  former  writings)  theoretically  necessi- 
tate these  low  channels,  and  that  they  were  predicated  from  the 
knowledge  of  the  earlier,  high  level  phenomena. 

Eelation  of  the  channels  to  the  ice  front  and  to  Lake  Iroquois 

At  one  time  the  continental  glacier  covered  all  of  New  York 
State.  Slowly  the  front  of  the  ice  body  receded,  because  the 
melting  exceeded  the  advance,  till  all  the  southern  part  of  the 
State  was  free  from  ice.  At  the  time  which  we  are  now  con- 
sidering the  lobe  of  the  Labradorian  ice  sheet  that  still  rested 
over  the  basin  of  Ontario  was  wasting  slwslj.  By  its  own  weight 
it  had,  as  a  plastic  body,  a  spreading  flow  and  pushed  south- 
eastward over  the  low  ground  of  Oneida  lake  district  against 
the  higher  ground  between  Syracuse  and  Rome.  The  directions 
of  flow  are  best  shown  by  the  attitude  of  the  drumlins,  the  ice- 
molded  drift.  The  waters  which  were  impounded  in  the  valleys 
fronting  the  ice,  derived  from  north-flowing  streams  and  from 
the  melting  of  the  ice  itself,  found  their  way  past  the  front  of 
the  ice  to  the  Mohawk  valley.  At  the  later  stage  these  waters 
were  augmented  by  all  the  overflow  from  the  basin  of  what  is 
now  the  "  Upper  Great  Lakes,"  or  from  as  much  of  the  area 
as  the  ice  had  abandoned,  because  the  St  Lawrence  outlet  was 
still  blocked  by  the  ice. 

It  appears  certain  that  the  ice  disappeared  from  the  higher 
ground  between  Oneida  and  Rome  earlier  than  it  did  from  the 
region  farther  west,  near  Syracuse.^    The  front  of  the  ice  sheet 


*See  former  report,  p.  129, 130. 
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apparently  had  a  trend  oblique  to  the  south  border  of  the  basin^ 
thus  making  an  open  angle  toward  the  east.  The  ice  front  there- 
fore receded  from  the  higher  ground  progressively  from  east 
to  west.  In  consequence  of  this  oblique  position  and  westerly 
recession  of  the  ice  front,  the  eastern  channels  were  cut  earlier 
than  the  more  westerly  channels  of  corresponding  levels.  It 
follows  that  the  several  low  level  channels  which  we  are  con- 
sidering in  this  paper  are  not  all  of  one.  series.  The  channels 
toward  Eome  are  to  be  correlated  with  some  of  the  high  level 
channels  toward  Syracuse,  described  in  earlier  papers,  while 
the  low  level  channels  near  Syracuse  probably  poured  their  flood 
into  the  primitive  Lake  Iroquois,  which  then  occupied  the  low 
ground  toward  Eome. 

The  final  outlet  of  all  the  glacial  waters  was  over  the  col  at 
Rome  to  the  Iroquois  river  and  the  Mohawk  valley.  As  the  ice 
front  receded  from  Rome  the  lake  (Iroquois)  was  initiated,  and  it 
enlarged  at  the  expense  of  the  glacier  till  it  filled  the  Ontario 
basin. 

The  channels  which  have  an  altitude  over  445  feet  were  always 
above  the  lake  level.  Those  toward  Syracuse  with  altitude  430 
feet  and  lower  probably  poured  their  waters  at  first  directly 
into  the  forming  lake,  and  later  may  have  been  flooded  by  the 
lake.    This  topic  is  discussed  in  the  next  section. 

Altitude  and  deformation  of  the  channels 

The  present  hights  of  the  channels  above  sea  level  are  indicated 
by  the  map  contours  (pi.  8-10).  It  will  be  observed  that  the  alti- 
tudes do  not  decrease  toward  the  east  as  might  be  expected.  On 
the  contrary,  the  highest  channels  are  those  beyond  Oneida, 
while  the  lowest  are  those  at  Syracuse.  There  are  two  causes  of 
this  discrepancy.  The  most  important  is  that  the  several  chan- 
nels are  not  of  one  series,  but  were  cut  at  different  times  and  in- 
dependently of  each  other.  The  second  cause  is  that  the  absolute 
and  the  relative  altitudes  of  the  channels  are  not  quite  the  same 
now  as  when  they  were  made.  Since  the  ice  retreat  the  land 
surface  of  the  region  has  been  uplifted  and  possibly  warped. 
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The  amount  of  deformation  along  the  line  of  the  channels  has  not 
been  determined  with  precision,  but  can  be  given  approximately.^ 

The  only  reliable  knowledge  that  we  now  have  concerning  the 
changes  of  altitude  of  the  region  is  based  on  the  deformation 
of  the  later  Iroquois  plane.  Such  deformation  is  all  post-Iro- 
quois.  The  present  altitude  of  the  Iroquois  outlet  at  Eome 
is  430  feet.  Allowing  15  feet  for  depth  of  water  at  the  outlet 
would  make  the  water  surface  of  the  later  Iroquois  445  feet. 
A  strong  gravel  bar  close  to  Wampsville  station  and  10  miles 
southwest  of  Kome  has  an  attitude  of  446  feet.  East  of  Syra- 
cuse about  13  miles,  and  2^  miles  east  of  Kirkville,  is  a  strong, 
recurved  bar  crossing  the  canal.  By  canal  datum  the  western 
end  of  this  bar,  which  was  exposed  to  the  north  and  west  winds, 
has  elevation  of  447  feet,  while  the  portion  curving  south  across 
the  canal  is  440^  feet.  One  mile  southwest  of  Manlius  station 
and  7  miles  east  of  Syracuse  is  a  bar  on  the  east  side  of  a  hill, 
south  of  the  tracks,  with  elevation  of  437  feet,  by  the  railroad 
datum.  By  the  same  datum  a  bar  4  miles  west  of  Syracuse 
and  i  mile  east  of  Fairmount  station  has  altitude  of  441  feet, 
but  it  lies  in  a  narrow  valley,  protected  from  the  northerly 
winds,  and  probably  is  below  the  lake  level.  It  would  appear, 
therefore,  that  the  Iroquois  plane  has  about  the  same  altitude 
at  Syracuse  ais  eastward  toward  Rome  and  has  suffered  no  con- 
siderable warping  in  the  region. 

The  eastern  channels,  between  Rome  and  Oneida,  which  were 
all  formed  previous  to  the  initiation  of  Lake  Iroquois,  have  ex- 
perienced practically  the  same  amount  of  uplift  as  the  Rome 
col.  The  channels  at  Syracuse  have  participated  in  all  the 
movements  of  that  locality  since  the  earliest  phase  of  Iroquois. 
But  they  are  .below  the  lake  level  of  the  place.  The  bottom  of 
the  Burnet  Park  channel  is  400  feet,  according  to  the  map  con- 
tours, and  that  of  the  Syracuse  channel,  leading  east  from  the 
city,  is  about  420  feet,  and  both  channels  are  filled  to  unknown 

*A  brief  discussion  of  the  deformation  in  central  New  York  will  be  found 
in  two  eariier  papers  by  the  writer:  Geol.  Soc.  Am.  Bui.  10:6G;  N.  Y.  State 
Oeolagist  20th  An.  Rep't,  p.  Ill,  112. 
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depths  with  recent  accumulations.  This  inferiority  of  the 
channels  to  the  Iroquois  lake  surface  may  be  at  least  partly 
attributed  to  the  excavating  power  of  the  great  rivers,  com- 
parable to  Niagara.  The  lower  section  of  the  Burnet  Park  chan- 
nel is  a  cataract  gorge,  and  might  have  been  cut  by  the  plunging 
waters  to  a  depth  of  many  feet  below  the  surface  of  the  receiv- 
ing lake.  The  inferiority  of  the  channels  may  also  be  explained 
by  assuming  that  Lake  Iroquois  had  a  lower  level  in  the  Syra- 
cuse region  in  its  earlier  phase  than  it  had  in  its  later  phase. 
Such  a  change  in  level  would  have  resulted  from  the  relative 
lifting  of  the  outlet  during  the  life  of  the  lake.  It  is  quite  possi- 
ble that  some  westward  tilting  of  the  Iroquois  basin  occurred 
during  the  life  of  the  lake,  but  we  have  no  measure  of  it.  In 
the  former  report  it  was  shown  that  between  Bichland  and 
Watertown  there  is  slight  evidence  of  north  and  south  tilting 
during  Iroquois  time,  though  the  post-Iroquois  tilting  amounts 
to  over  5  feet  to  the  mile. 

The  data  at  present  available  for  this  discussion  are  not  suflS- 
cient  for  definite  conclusions. 

Description  of  the  channels 
Channels  at  Syracuse 

'  On  the  meridian  of  Syracuse  the  northernmost  channel  leads 
east  from  the  center  of  the  city.  Belated  to  this  is  another 
and  lower  channel  on  the  west  leading  into  the  city.  A  line 
joining  the  two  passes  directly  through  the  center  of  the  city.^ 
The  western  channel  {see  pi.  11-13)  which  we  may  call  the  Bur- 
net Park  channel,  heads  3^  miles  west  of  the  center  of 
Syracuse  and  1  mile  south  of  Solvay  village.  The  four 
cornprs  south  of  Solvay  are  on  the  north  bank  near  the 
head  of  the  channel,  and  the  Solvay  Process  Co.'s  carrier  cable 
crosses  the  head  or  intake  of  the  channel.  The  map  contours 
clearly  show  the  depression.  The  altitude  of  the  head  of  the 
channel  is,  by  the  map,  500  feet  above  tide.  The  upper  part  of 
the  channel,  leading  southeast,  is  in  limestone,  probably  the 

^See  plate  8,  which  uses  a  portion  of  the  Syracuse  sheet. 
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'^'Waterlime,"  and  is  cut  into  irregular  ridges  and  hollows, 
which  have  been  subdued  by  subsequent  weathering.  For  over 
a  mile  the  channel  has  only  moderate  slope,  then  curving  east 
it  declines  rapidly  and  soon  drops  by  a  cataract  cliff  some  30  or 
40  feet,  making  a  total  fall  of  over  100  feet  in  2  miles. 
This  rapid  descent  is  in  consequence  of  the  river  having  cut 
down  through  the  harder  calcareous  and  gypsiferous  rocks  to 
the  underlying  softer  shales.  The  present  topography  in  the 
lower  part  of  the  channel  is  irregular,  and  might  suggest 
morainal  drift;  but  it  is  cataract  work  in  Salina  shales,  modified 
\)j  recent  stream  work  and  weathering.  The  present  floor  of 
this  channel  has  an  altitude  of  less  than  400  feet  near  the 
mouth,  and  is  at  least  40  feet  below  the  later  plane  of  Iroquois 
waters  in  the  vicinity.  This  channel,  leading  into  the  Onondaga 
•depression,  was  the  outlet  for  the  glacial  waters  from  the  west 
till  the  ice  front  had  melted  away  from  the  great  mass  of 
moraine  and  drumlin  drift  which  lies  west  of  Syracuse,  thus 
opening  a  passage  north  of  the  drift  mass. 

The  business  section  of  Syracuse  and  all  the  south  part  of  the 
-city  occupy  the  detrital  plain  or  delta  which  accumulated  in  the 
Onondaga  embayment  by  the  great  river  which  cut  the  Burnet 
Park  channel,  and  partly  through  more  recent  work  of  the  Onon- 
daga creek.  During  the  life  of  the  glacial  river  the  site  of 
Syracuse  was  occupied  by  a  shallow  lake  reaching  south  up  the 
Onondaga  valley.  The  waters  of  the  Syracuse  lake  found  escape 
eastward  by  the  conspicuous  channel  leading  east  from  the  city 
and  utilized  by  the  canal  and  railroads,  (see  pi.  14-19)  This 
grand  river  channel  is  at  least  i  mile  wide.  The  floor 
of  the  channel  at  the  divide  has  altitude  of  about  415  feet.  It 
is  a  stretch  of  flat,  swampy  ground  as  yet  unused  for  building 
^nd  is  siaid  to  have  a  great  depth  of  marl  under  peat.  The  Erie 
<;anal  is  carried  along  the  south  wall  of  the  channel  with  hight 
of  the  water  surface  430  feet.  This  channel,  which  we  will  call 
the  Syracuse  channel,  heads  in  the  city  about  where  the  New 
Tork  Central  Bailroad  crosses  over  the  canal  and  extends,  north 
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of  east,  some  3  miles  to  East  Syracuse,  where  it  expands  into  the 
broad,  low  plain  in  which  lies  Oneida  lake. 

Channels  between  Syracuse  and  Oneida 

Eastward  from  Syracuse  for  25  miles,  to  beyond  Oneida,  th^ 
phenomena  of  river  erosion  are  interrupted  and  fragmentary^ 
but  not  the  less  interesting.  The  channels  and  banks  are  indi-, 
cated  on  the  accompanying  map  and  pictured  in  the  plates  20-26. 
Following  is  a  brief  description. 

Going  east  from  Syracuse  by  the  New  York  Central  Railroad,, 
the  first  of  the  stream-cut  banks,  the  characteristic  river  phe- 
nomena of  the  region,  will  be  seen  2  miles  beyond  East  Syracuse^ 
at  the  first  road  crossing.  Close  to  the  railroad  on  the  south 
side  is  a  conspicuous  concave  bluff  cut  out  of  the  north- 
west flank  of  the  hill  composed  of  Salina  shale.  The  south  side 
of  the  same  hill,  by  the  West  Shore  Railroad,  shows  no  such 
erosion.  This  bluff  is  a  type  of  the  stream-cut  banks  which 
occur  on  the  north  or  northwest  sides  of  the  exposed  hills  or 
salients  in  the  Svracuse-Oneida  district. 

By  referring  to  the  sheet,  plate  8,  the  reader  will  see  that  1 
mile  south  of  the  hill  above  noted  a  similar  hill  occurs,  which 
also  has  pronounced  erosion  on  the  northwest  flank.     Between 
the  two  hills  is  a  well  developed  channel,  traversed  by  the  West 
Shore  Railroad. 

Previous  to  the  cutting  of  the  banks  on  the  tw^o  hills  the  escap- 
ing glacial  waters  were  forced  to  flow  alongside  the  high  ground 
southeast  of  these  hills  and  north  of  Fayetteville.  The  abrupt 
slope,  fronted  by  low  swampy  ground,  is  clearly  shown  on  the 
adjoining  edges  of  the  Syracuse  and  Chittenango  sheets  are  re- 
produced in  plates  8,  9.  The  horizontal,  clean  cut  outline  and  the 
abrupt,  concave  slope  are  features  produced  by  stream  flow,  the 
river  having  been  crowded  by  the  glacier  against  the  rock  wall  . 
for  a  long  time.  The  canal  takes  advantage  of  this  horizontal 
bank  and  follows  it  all  the  way  from  Limestone  creek  east,, 
past  Manlius  Center,  to  Green  lake  outlet,  about  2^  miles.  The 
same  relation  of  the  canal  to  the  banks  is  preserved  to  beyond 
C^inastota.    In  the  entire  distance  of  over  20  miles  from  Syra- 
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cuse  to  Canastota  the  canal,  by  taking  advantage  of  the  river- 
graded  stretches,  is  enabled  to  dispense  with  locks  and  to 
preserve  a  single  level,  the  water  surface  being  430  feet. 

On  the  meridian  of  Kirkville  is  a  series  of  channels.  The  three 
corners  1  mile  south  of  the  village  lie  in  a  pronounced  channel, 
and  another  scourway  40  feet  higher  lies  a  short  distance  south, 
on  the  slope  of  the  great  hill.  These  two  scourways  unite  east- 
ward into  a  single  channel.  This  channel  is  probably  to  be  cor- 
related with  the  higher  one  on  the  southwest  in  which  lie 
Round  and  Green  lakes,  and  which  was  described  in  the 
former  report  (p.  128).  The  waters  which  cut  the  Manlius 
Center  bluff  also  excavated,  farther  east,  the  large  channel 
i  mile  south  of  Kirkville.  The  latter  river  bed  extends 
east  as  a  swampy  tract  for  over  a  mile,  and  southwest 
of  the  canal  widewaters  it  is  bounded  by  a  steep,  con- 
cave bluff  {see  pi.  20).  Around  this  swamp  and  bluff  the  north  and 
south  road  makes  an  eastward  bend,  as  shown  on  the  map.  The 
eastward  continuation  of  this  channel,  which  we  may  call  the 
Kirkville  channel,  forms  another  remarkable  bluff  along  the 
south  side  of  the  canal  widewaters  (sec  pi.  21,  22).  This  cliff,  40 
to  50  feet  high,  is  even  more  striking  than  the  Manlius  Center 
cliff,  as  it  has  no  high  ground  behind  it.  It  is  wholly  Salina 
shale,  which  is  here  used  for  the  manufacture  of  brick  by  the 
Kirkville  Brick  Co.  The  bluff  is  plainly  seen  from  the  New  York 
Central  Railroad,  f  mile  away. 

A  mile  north  of  these  channels  is  another  notable  bank,  a  mile 
east  of  Kirkville  station,  and  northeast  of  the  village.  An  out- 
lier of  shale  forms  here  the  most  northerly  projection  of  the 
high  ground  between  Syracuse  and  Oneida.  To  pass  this  salient, 
the  two  railroads  make  a  decided  bend  in  an  otherwise  straight 
course,  and  pass  close  to  the  river-cut  bank.  This  point  of  the 
promontory  felt  for  some  time  the  corrosion  of  the  glacial 
waters,  and  the  effect  is  seen  in  a  strong,  conspicuous,  curving 
slope  in  rock,  facing  north  and  close  to  the  railroads  (see  pi.  23). 
Lying  some  10  feet  higher  than  the  base  of  the  bluff,  the  canal 
finds  passage  through  a  depression  south  of  the  bluff.    The  first 
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canal,  "  Olinton's  ditch,"  followed  the  foot  of  the  bank,  where 
the  West  Shore  Railroad  now  passes. 

In  the  midst  of  the  embayment  at  Chittenango  is  a  great  mass 
of  morainal  drift  overlying  rock  which  has  a  very  prominent 
bank  on  the  northwest  flank  (see  pi.  24).  South  of,  or  behind,  this 
islandlike  mass  is  a  large  river  channel  about  the  dimensions 
of  the  Syracuse  channel.  Whether  the  floor  is  rock  or  alluvium 
has  not  been  determined,  but  in  either  case  the  form  and  surface 
are  due  to  the  sweeping  by  a  great  river  before  the  ice  had 
opened  a  passage  north  of  the  outlying  hill.  The  canal  follows 
the  north  side  of  the  broad  channel. 

At  the  east  end  of  the  Chittenango  channel  the  waters  were 
thrown  against  the  steep  northwest  slope  of  another  rock  mass 
and  another  high  bank  was  formed,  a  mile  northeast  of  Sullivan, 
comparable  to  those  already  described  east  and  west  of  Kirk- 
ville.  One  mile  farther  east  another  good  bank  occurs.  Both 
of  these  banks  are  plainly  visible  from  the  New  York  Central 
Railroad,  a  mile  distant,  and  more  clearly  from  the  West  Shore, 
which  passes  closer.  At  an  earlier  phase  than  the  cutting  of  the 
channels  here  noticed  the  glacial  waters  had  flowed  south  of  the 
hills,  excavating  a  channel  2  miles  east  of  Sullivan.  The 
latest  stream  cutting  in  this  section  formed  a  bank  about  2 
miles  east  of  Chittenango  station  and  close  to  the  West  Shore 
Railroad. 

The  next  bank  to  the  east  occurs  IJ  miles  west  of  Can- 
astota.  For  a  mile  it  stretches  along  the  railroada  and  into 
the  village.  A  mile  west  of  the  village  the  New  York  Central 
tracks  have  cut  away  the  point  of  the  salient,  and  there  de- 
stroyed the  original  bank,  while  a  fllling  of  the  West  Shore  has 
obscured  another  section.  This  bluff,  with  its  extension  east  of 
the  village,  shows  well  in  its  curvatures  the  effects  of  stream 
meandering.  Toward  the  western  end  the  river  was  compelled 
to  swing  around  the  rock  slope  in  a  curve  convex  to  the  north. 
In  reaction  from  this  the  current  veered  to  the  south,  so  that 
near  the  village  the  bank  is  concave  to  the  north  {see  pi.  25).  An 
earlier  channel  lies  south  of  the  hill,  1  mile  southwest  of 
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Oanastota.    An  east  and  west  highway  follows  the  more  ancient 
ficourway  for  a  mile. 

One  of  the  most  conspicuous  banks  of  the  entire  series,  and  one 
most  readily  seen,  is  in  Canastota  village,  just  east  of  the  rail- 
road station  (see  pi.  26).  Like  all  the  others  the  bluff  is  in 
shale,  nearly  vertical  and  about  30  feet  high.  One  half  mile  east 
the  railroads  cut  the  projecting  bluff.  Still  farther  east  the 
waters  excavated  a  pronounced  concavity  in  the  rock  slope, 
which  still  remains  in  timber  (see  pi.  27).  Yet  farther  east  the 
bank  is  again  convex,  curving  around  the  east  end  of  the  hill. 
The  height  of  the  channel  floor  at  the  base  of  the  Canastota  bluflf 
is  430  feet,  about  the  same  as  the  railroads. 

Two  miles  east  of  Canastota  the  railroads  make  a  cutting 
through  a  gravel  bar  which  was  built  in  the  shallow  waters  ot 
Lake  Iroquois  on  the  front  of  the  delta  built  in  the  lake  by 
Cowaselon  creek.  The  bar  appears  south  of  the  railroads  and 
passes  northeast,  across  the  tracks,  and  crosses  the  highway 
about  i  mile  north  of  Wampsville  station.  The  hight  of  the  bar 
is  about  446  feet.  The  channel  floors,  east  and  west,  are  about 
430  feet. 

About  2  miles  west  of  Oneida  is  another  bank  which  extends 
along  the  railroads  for  over  a  mile  and  then  curves  around  the 
north  side  of  the  hill  southwest  of  Oneida.  The  railroads  have 
so  cut  into  the  bluffs  as  to  destroy  or  obscure  the  original 
characters  of  the  ancient  banks. 

At  Oneida  is  a  broad  embayment  where  the  valley  of  Oneida 
creek  widens  out  into  the  low  plain.  During  the  glacial  retreat 
over  the  area  this  embayment  was  occupied  by  standing  water, 
and  a  variety  of  interesting  phenomena  are  found,  some  of  which 
were  noted  in  the  former  report. 

Channels  between  Oneida  and  Rome 
Between  Syracuse  and  Oneida  the  north  edge  of  the  high 
ground  has  an  east  and  west  direction,  and  in  consequence  the 
stream  phenomena  follow  this  course.  Between  Oneida  and 
Rome  the  trend  of  these  features  is  to  the  northeast.  Against 
the  northwest-facing  slope  the  ice  sheet  rested  for  an  indefinite 
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time,  during  which  large  streams  flowed  past  the  ice  front  over 
into  the  Mohawk  valley.  The  ancient  stream  channels  are  well 
developed  and  form  a  nearly  continuous  scourway  for  about  10 
miles.  The  most  westerly  cutting  is  3  miles  northeast  of 
Oneida.  The  series  leads  northeast,  curving  around  the  higher 
ground,  convex  to  the  north,  and  ends  at  Stanwix  village,  2 
miles  southeast  of  Rome.  Here  the  glacial  waters  found  free 
escape  to  the  sea  by  the  Mohawk  valley.  The  channels  are  util- 
ized by  the  New  York  Central  Railroad  for  over  6  miles,  from 
west  of  Verona  to  within  4  miles  of  Rome.     (9ee  pi.  10) 

These  channels  were  formed  earlier  in  time  than  those  west 
of  Oneida,  and  are  quite  different  in  character.  Unlike  the 
western  channels  they  lie  on  a  land  surface  of  moderate  relief 
and  of  moderate  slope,  and  not  against  steep  hills.  The  ice 
edge  was  probably  thinner  here  and  less  aggressive.  In  conse- 
quence of  these  different  physical  conditions  the  channels  are 
more  continuous,  relatively  broader,  and  the  north  walls  are 
more  commonly  developed.  In  a  word,  the  channels  have  more 
the  ordinary  form  of  abandoned  river  channels,  while  the  iso- 
lated bluff  phenomena,  so  pronounced  west  of  Oneida,  are 
scarcely  found.  At  a  few  points  the  channels  are  comparable 
in  size  to  the  great  ones  at  Syracuse.  They  are  probably  the 
work  of  rivers  of  smaller  volume  than  those  which  cut  the  west- 
ern channels. 

On  the  sheet,  plate  10,  it  will  be  noticed  that,  in  the  stretch  of 
country  from  Oneida  to  Rome,  not  only  the  railroad  but  nearly 
all  the  highways  conform  to  the  land  slope,  being  either  parallel 
to  the  stream  channels,  northeast  and  southwest,  or  at  right 
angles  to  this.  For  convenience  in  description,  the  sides  of  the 
channels  will  be  here  referred  to  as  north  and  south,  and  direc- 
tions along  the  railroad  and  channels  as  east  and  west.  On 
this  sheet  may  also  be  noted  seven  living  streams,  in  the  seven 
miles  of  channel  from  Verona  to  beyond  Greenway,  having  a 
northerly  course  and  striking  the  channels  obliquely.  These 
modem  creeks  have  partially  cut  and  obscured  the  south  walls 
of  the  ancient  channels  at  their  points  of  junction.    The  suo- 

ession,  direction  and  parallelism  of  the  creeks  form  an  inter- 
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esting  combination  of  characters,  which  are  not  accidental  but 
have  their  genesis  in  geologic  structure  and  processes. 

Passing  east  from  Oneida  by  the  railroad,  and  crossing  the 
low  ground  of  the  Oneida  embayment,  with  its  area  of  yellow 
sand  knolls,  the  first  clear  appearance  of  channel  features  is 
seen  a  mile  west  of  Verona  station.  In  a  short  distance  it 
becomes  evident  that  the  railroad  lies  in  a  well  developed  chan- 
nel. The  altitude  of  the  channel  floor  is  465  feet.  At  Verona 
station  the  railroad  is  cut  in  the  south  wall  of  the  channel. 
One  and  one  half  miles  east  of  Verona  the  south  bank  is  very 
conspicuous,  some  40  rods  south  of  the  tracks,  the  latter  resting 
on  a  filling  in  the  channel. 

At  the  highway  crossing,  nearly  2  miles  east  of  Verona^ 
the  channel  is  about  i  mile  wide,  and  the  south  bank 
is  about  40  feet  high.  The  north  bank  is  low  but  distinct.  The 
floor  of  the  channel  is  strewn  with  boulders  (^ee  pi.  28,  29). 

One  half  mile  north  of  the  road  crossing  above  noted  is  an 
outlier  of  "  Oneida  grit,"  swept  bare  over  many  acres  by  water 
action.  Preglacial  weathering  had  opened  the  joints  of  the 
quartzose  rock  so  as  to  make  a  '"  rock  city,''  which  the  ice  did 
not  pluck  away.  The  west  side  of  the  rock  area  shows  stream 
erosion,  the  ground  being  lower  than  the  channel  carrying  the 
railroad. 

About  i  mile  beyond  the  highway  the  railroad  leaves^ 
the  channel  and  makes  a  cutting  through  a  mass  of  drift  which 
forms  at  this  point  the  north  wall  of  the  channel.  In  this  cut 
the  railroad  has  the  highest  elevation  between  New  York  and 
Rochester,  477  feet.  Here  and  for  a  mile  east  the  channel  is^ 
excellently  developed,  being  at  least  J  mile  wide  and  the 
walls  40  to  50  feet  high.  Plates  30  and  31  are  from  photographs 
taken  at  the  next  road  crossing,  at  the  bend  in  the  tracks,  near 
the  Summit  View  stock  farm.  The  precise  altitude  of  the  chan- 
nel floor  near  this  highway  is  459  feet. 

Approaching  Greenway  station,  the  channel  walls  diminish,, 
the  north  bank  disappearing  entirely.  At  the  station  the  south 
bank  is  not  evident,  as  a  hollow  from  the  south  joins  at  thi» 
place. 
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Three  miles  from  Rome  the  channel  blends  into  the  broad, 
smooth  plain  which  forms  here  the  divide  between  Hudson  and 
St  Lawrence  waters.  The  banks  which  constitute  the  south  wall 
curve  around  the  high  ground  2  miles  south  of  Rome  and  end 
at  Stanwix  village.  These  banks  were  cut  by  river  flow  preced- 
ing the  inception  of  Lake  Iroquois,  at  a  time  when  the  ice  sheet 
still  occupied  the  divide.  A  strong  and  conspicuous  bluff  behind 
the  village,  with  altitude  by  the  map  contours  of  about  460  feet, 
tells  the  fact  of  the  early  drainage. 

The  interval  between  Rome  and  Stanwix,  about  2  miles, 
has  been  swept  and  leveled  by  river  action.  The  line  of  water 
parting  has  about  the  course  of  the  canal  and  the  New  York, 
Ontario  and  Western  Railroad,  with  altitude  of  430  feet.  For 
Ages  here  was  the  outlet  of  the  great  Lake  Iroquois  and  the  head 
of  the  great  river  which  was  predecessor  to  the  St  Lawrence. 

Selation  of  these  low  channels  to  the  high  channels 

To  appreciate  the  supposed  relationship  between  the  channels 
described  in  this  paper  and  the  channels  on  the  higher  ground, 
the  reader  should  have  in  hand,  for  comparison  with  the  maps 
<pl.7-10)  accompanying  this  paper,  plates  15  and  16  in  the  former 
report. 

The  study  of  the  relation  between  the  high  and  low  channels, 
in  both  location  and  altitude,  leads  to  the  following  tentative 
conclusions.  (1)  The  waters  which  cut  the  high  channels  across 
the  points  of  Eaton,  West  Stockbridge,  Cranson  and  Eagle  hills* 
found  eastward  escape  by  several  channels  higher  than  the 
Verona-Greenway  channels,  and  lying  on  the  ground  west  and 
northwest  of  Clinton.  At  that  time  the  lower  ground  of  the 
Verona-Greenway  channels  was  yet  buried  under  the  ice 
eheet.  (2)  The  Round  Lake  and  Mycenae  channels,  northeast 
of  Fayetteville^  probably  correlate  with  the  channels  described 
in  this  paper  as  lying  between  Chittenango  and  Ganastota. 
This  series  should  also  include  the  channels  south  of  Fayette* 
ville  and  west  of  Manlius,  and  probably  the  earlier  cutting  of 

*Se€  former  report,  p.  123,  124. 
'See  former  report,  p.  123,  128. 
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the  great  "  railroad "  channel  3  miles  southeast  of  Syra- 
cuse. (3)  The  later  life  of  the  "  railroad  "  channel  quite  cer- 
tainly added  its  waters  to  the  flood  which  cut  the  blulfs  at 
Maulius  Center  and  those  south  and  east  of  Kirkville.  The 
waters  which  occupied  the  huge  channels  at  Syracuse  may  possi- 
bly have  cut  the  banks  on  the  two  hills  east  and  southeast  of 
East  Syracuse,  and  at  the  last  probably  poured  directly  into 
the  early  Lake  Iroquois. 

The  Vei-ona -Green way  chanuele  were  probably  cut  at  the  same 
time  as  these  at  Oueida  and  Canastota.  These  carried  for  a 
long  time  the  glacially  impounded  waters  held  in  the  valleye  of 
Oneida,  Cowaselon,  Chittenango  and  poseibly  Limestone  creeks. 
It  is  not  certain  whether  the  low  channels  between  Oneida  and 
Chittenango  carried  any  waters  derived  from  the  west  of  Lime- 
stone and  Butternut  creeks.  It  is  probable  however  that  the  low- 
channels  west  of  Chittenango  carried  in  addition  to  the  local 
waters  the  eastward  drainage  of  the  vast  Lake  Warren,  wliich 
then  occupied  as  much  of  the  basins  of  Ontario,  Erie  and  Huroa  , 
as  the  ice  sheet  had  then  deserted. 

Work  in  completion  of  channel  investigation 
The  channel  phenomena  in  the  extreme  limits  of  the  territory, 
east  and  west,  remain  unstudied.  In  the  area  between  Bomp, 
Utica  and  Clinton  must  lie  the  easternmost  scourwaya  of  the 
entire  series.  These  must  have  carried  to  their  destination  in 
the  Mohawk  the  waters  which  cut  the  channels  on  Eaton  hill, 
and  at  least  the  higher  ones  on  West  Btockbridge,  Cranson 
and  Eagle  hills.* 

West  of  Syracuse  and  reaching  past  Eocheater  to  the  west  side 
of  the  Genesee  valley  are  capacious  channels  which  are  probably 
later  in  time  than  those  already  described.  It  is  the  intention 
of  the  writer  to  make  these  two  sets  of  undcscribed  channels 
the  subject  of  another  paper.  Thereafter  it  will  be  in  order  to 
make  a  summation  of  all  the  data  in  a  single  writing. 

'See  former  reijort,  p.  123.  124.  Sinee  the  nbove  was  written  the  anthOP 
lifts  examiDed  the  Clinton-Utica  district  anci  has  mapped  high-level  chan- 
nels cutting  the  nnrth  slopes  of  the  rklgea  west  ami  cast  of  Clinton  anfl 
BOutliwest  and  aoutheaet  of  TTtica;  thus  extending'  the  series  of  high  chan- 
nels eas1:ward  Into  the  Mohawk  valley.  These  are  roughly  indicated  on 
plate  7.  ' 
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FIELD  WORK  DURING  1901  IN  THE  CRETACEOUS  BEDS 

OF  LONG  ISLAND 

BY  ARTHUR  HOLLICK 

The  probability  that  Cretaceous  strata  underlie  the  surface 
of  Long  Island  to  a  greater  or  less  extent,  was  conceded  by 
nearly  all  the  early  geologists  who  studied  the  stratigraphy  of 
the  coastal  plain  in  the  vicinity.  The  general  trend  of  the 
known  Cretaceous  strata  in  New  Jersey,  and  the  lithologic  simi- 
larity between  the  plastic  clays  of  that  state  and  certain  expos- 
ures of  clays  on  the  north  shore  of  Long  island  justified  the 
-assumption  that  they  were  probably  of  the  same  geologic  age, 
but  paleontologic  evidence  was  lacking. 

As  early  as  1871  a  few  fossil  leaf  impressions  had  been  dis- 
•covered  in  sandstone  boulders  in  the  drift  at  Williamsburg,^  but 
they  were  not  recognized  as  Cretaceous  till  many  years  after- 
ward. Subsequently  similar  remains  were  found  at  Glencove, 
Sea  Cliff,  Lloyd  neck,  Eaton  neck,  Center  island  and  else- 
where and  also  a  few  in  the  clays  at  Cold  Spring,  Northport 
and  Glencove,  most  of  which  proved  to  be  well  known  Creta- 
ceous species.  These  may  be  found  described  in  several  papers 
by  the  writer,  together  with  their  accompanying  conditions  and 
the  history  of  the  events  which  finally  resulted  in  the  determina- 
tion of  their  identity  and  significance.^ 

During  the  month  of  June  1901  several  days  were  spent  in 
the  vicinity  of  Glencove  for  the  purpose  of  collecting.  A  con- 
siderable number  of  specimens  were  obtained,  some  as  loose 
material  scattered  along  the  beach,  but  most  of  them  from 
layers  of  red  shale  in  connection  with  the  clay  outcrop  on  the 

^N.  Y.  Lye.  Nat.  Hist.  Proe.  ser.  1.    1871.    p.  149,  150. 

*1  Preliminary  Contribution  to  Our  Knowledge  of  tlie  Cretaceous 
Formation  on  Long  Island  and  Eastward.  N.  Y.  Acad.  Sci.  Trans.  May 
1893.     12:222-37,  pi.  5-7. 

2  Additions  to  the  Paleobotany  of  the  Cretaceous  Formation  on  Long 
Island.    Torrey  Bot.  Club.     Bui.  Feb.  1894.     21:49-65,  pi.  174-80. 

3  Some  Further  Notes  on  the  Geology  of  the  North  Shore  of  Long 
Island.     N.  Y.  Acad.  Sci.  Trans.  Jan.  1894.    13:122-29. 

4  Geological  Notes:  Long  Island  and  Block  Island.  N.  Y.  Acad.  Sol. 
Trans.  Dec.  1896.    16:9-18. 
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tiore  of  Hempstead  harbor,  about  a  mile  west  of  the  Glencove 
inding.  This  shale  is  unquestionably  a  phase  of  the  clay,  prob- 
ably a  result  of  hapdening,  due  to  oxidation  of  iron,  and  part 
■of  the  loose  material  on  the  beach  represents  the  same,  which 
has  been  washed  out  by  the  waves.  Other  specimens  represent 
material  that  has  come  from  the  adjacent  bluffs,  where  it  occurs 
■as  drift  boulders,  in  connection  with  other  morainal  material. 

In  the  list  of  accessions  all  the  specimens  noted  from  Glen- 
cove were  collected  under  one  or  another  of  the  above  COn- 
-ditions. 

SPERMATOPHYTA 

Gymnospermae 
Dammara  horeaJis  Heer,  Fl.  Foss.  Arct.  v.  6,  Abth.  2,  p.  54,  pi.  37, 
fig.  B. 
L     Glencove  N.  Y, 

ft  Angiospermae 

If  Monocotyledones 

Sermopsis  kempii  Holilck,  Torrey  Eot.  Club.  Bui.  20:169, 
pi.  149. 

Glencove  N.  Y. 

Fragments  of  monocotyledons  of  uncertain  atSnities 


\ 


? 


Glencove  N.  Y. 

Dicotpledones 

Juglm^s  m-ctwa  Heer  (?),  Fl.  Foss.  Arct,  v.  6,  Abth.  2,  p.  71, 
pi.  40,  fig.  2. 

Glencove  N.  Y. 

BaliiB  inaeqtmlis  Newb.,  Fl.  Amboy  Clays,  p.  67,  pi.  IG,  fig.  1, 4, 8] 
pi.  17,  fig.  2-7. 

Glencove  N.  Y. 

Fieus  vyilUsiana  Hollick,  Torrey  Bot.  Club.     Bui.  21:S2,  pi.  178, 
fig.  2,  5. 

Glencove  K.  Y. 

t  Magnolia  aunculata  Newb.,  Fl.  Amboy  Clays,  p.75,  pi. 41,  fig.  13; 
.68,  fig.  m. 
Glencove  N.  Y. 
Magnolia  oa-peUim  Heer,  Phyll.  Crgt.  Neb.  p.  21,  pi.  3,  fig.  5,  6. 
Glencove  and  Center  island,  Oyster  Bay  N.  Y. 
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Magnolia  glatiooides  Newb.  (?),  Fl.  Amboy  Clays,  p.  74,  pi.  57^ 

fig.  1-4. 

Glencove  N.  Y. 

Magnolia  ishergianu  Heer  (?)  Fl.  Foss.  Arct.  v.  6,  Abth.  2,  p.  91, 
pi.  36,  fig.  3. 

Glencove  N.  Y. 

Magnolia  longifolia  Newb.,  Fl.  Amboy  Clays,  p.  76,  pi.  55,  fig.  3, 
B;  pi.  56,  fig.  1-4. 

Glencove  N.  Y. 

Magnolia  longipes  Newb.,  Fl.  Amboy  Clays,  p.  76,  pi.  54,  fig.  1-3- 

Glencove  N.  Y. 

Magnolia  speciosa  Heer,  Neue  Denkschr.  Schw.  Gesel.  23:20^ 
pi.  6,  fig.  1;  pi.  9,  fig.  2;  pi.  10,  fig.  1. 

Glencove  and  Center  islandj  Oyster  Bay  N.  Y. 

Liriodendropsis  simpler  Newb.,  Fl.  Amboy  Clays,  p.  83,  pi.  19,. 
fig.2,  3;pl.  53,  fig.  1-4,  7. 

Glencove  N.  Y. 

Meni»pet'mites  hrysoniana  Hollick,  Torrey  Bot.  Club.  Bui.  21 :59, 
pi.  180,  fig.  10  (counterpart  of  type). 

Glencove  N.  Y. 

Ci^no/momum  intermedium  Newb.,  Fl.  Amboy  Clays,  p.  89,  pi.  29,^ 
fig.  1-8, 10. 

Glencove  N.  Y. 

Cinmimomum  sezannense  Wat.,  PI.  Foss.  Bassin  Paris,  p.  175,. 
pi.  50,  fig.  2. 

Seacliff  N.  Y. 

Legumdnosites  convohttns  Lesq.  (?),  Fl.  Dak.  Gr.  p.  151,  pi.  44^ 
fig.  4. 

Glencove  N.  Y. 

Palimus  integii^folius  Hollick,  Torrey  Bot.  Club  Bui.  Feb.  1894. 
21:  57,  pi.  177,  fig.  5,  8,  12  (counterpart  of  type). 

Glencove  N.  Y. 

Aralia  sp,  ?  (probably  rotundiloha  Newb.,  Fl.  Amboy  Clays,  p. 
118,  pi.  28,  fig.  5;  pi.  36,  fig.  9.) 

Glencove  N.  Y. 


»  *. 
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Oiaspyrtm  primaeva  Heer,  Phyll.  Cr^t.  Neb.,  p.  19,  pi.  1,  fig.  6, 7. 
Hencove  N.  Y. 

Vibummn  inteffrifolium  Newb.  (?),  Fl.  Amboy  Olaya,  p.  125, 
pL  41,  fig.  1. 
OlencoTe  N.  Y. 

REMAINS  OF  UNCERTAIN  BOTANICAL  AFFINITIES 

TrioaiifoUes  papyraceus  Newb.,  Fl.  Amboy  Clays,  p.  132,  pi.  46, 
lig.80-38. 
Olencove  N;Y. 

Fragments  of  vegetation,  undetermined 
Glenoove  N.  Y. 
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CrSES  OF  PEAT  AND  ITS  OCCURRENCE  IN  NEW  YORK 
STATE 

The  uses  of  peat  are  treated  'm  considerably  greater  detail  in 
liis  paper  than  may  seem  to  be  warranted  by  tlie  known  occur- 
ence of  the  material  in  this  State.  Still  this  seems  desirable, 
or  few  people  have  a  true  conception  of  the  availability  of  this 
laterial  for  other  than  agricultural  pui-poses.  In  north  tem- 
erate  regions,  where  proper  climatic  conditions  exist,  peat  of 
ood  quality  is  frequently  found,  and  where  fuel  is  both  high  and 
^arce  this  material  is  in  demand. 

It  is  but  natural  that,  with  the  extended  immigration  into 
lie  country,  some  of  the  newcomers  should  notice  the  peat 
'  oar  swamps,  and  its  resemblance  to  the  material  of 
arope.  .This  fact  has  no  doubt  stimulated  many  to  investigate 
je  possibilities  of  our  American  peat  without  always  having 
a  true  idea  of  the  requirements  of  the  case  or  the  exact  nature 
of  the  raw  material. 

A  piece  of  dried  muck  may  appear  to  burn  as  freely  as  good 
peat,  and  yet,  when  its  calorific  power  or  chemical  composition 
is  actually  tested,  a  material  difference  is  manifest. 

L 

V  Origin  and  nature  of  peat 

■  Peat  is  a  dark  brown  or  black,  often  fibrous  mass  formed  by 
the  accumulation  and  decay  of  vegetable  matter  (specially  moss) 
under  water. 

Such  accumulations  may  occur  in  any  region  where  the  drain- 
age is  retarded,  giving  rise  to  the  formation  of  lakes,  often  of 
shallow  character,  which,  by  a  Ailing  process  described  below, 
ire  converted  into  swamps. 

Such  swamps  may  originate  in  several  different  ways,  forming 
*bat  are  known  respectively  as  terrace,  delta,  or  lake  swamps. 

Terrace  swamps  are  those  formed  in  depressions  on  the  sur- 
face of  river  terraces  or  flood  plains,  specially  along  their  outer 
edge,  that  is  nearest  to  the  valley  sides.  Many  river  terraces 
slope  away  from  the  river,  thus  causing  a  depressed  area  OQ 
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either  side.  During  periods  of  flood  these  lower  lying  parts  of 
the  terrace  may  become  covered  with  water  which  remains  after 
the  river  subsides.  Additional  water  may  drain  into  the  de- 
pression from  the  sides  of  the  valley,  and,  if  the  terrace  is  under- 
lain by  a  clay  layer,  the  drainage  of  the  area  will  proceed  very 
filowly  or  be  suspended,  thus  maintaining  a  pond  in  which  water 
and  moisture-loving  plants  spring  up,  resulting  in  the  develop- 
ment of  a  swamp.  Swamps  of  this  type  are  less  numerous  than 
the  other  two. 

Delta  swamps  are  common  in  many  regions  where  streams 
heavily  laden  with  sediment  enter  a  lake,  for,  the  speed  of  the 
river  current  being  checked  at  this  point,  much  of  the  sediment 
is  deposited  around  its  mouth,  forming  a  delta.  As  the  sedi- 
ment accumulates  year  after  year,  the  level  of  the  delta  is  built 
up,  till  the  water  over  it  is  suflSciently  shallow  to  permit  the 
growth  of  water  plants.  These  serve  to  catch  more  sediment, 
so  that  the  level  of  the  delta  is  raised  high  enough  to  form  first 
a  swampy  tract  and  later  dry  land,  which  may  be  overflowed 
only  in  springtime,  when  it  receives  an  additional  layer  of  sedi- 
ment, but  later  none  at  all. 

The  result  of  both  these  kinds  of  swamp  development  and 
filling  is  to  form  a  rich,  black  soil,  often  of  considerable  depth, 
and  made  up  of  a  mixture  of  decaying  plant  fragments  and 
mineral  matter. 

In  some  cases  the  filling  up  of  a  lake  and  formation  of  a 
swamp  may  be  due  almost  entirely  to  the  accumulation  of 
vegetable  matter.  In  such  cases  the  streams  flowing  into 
the  lake  carry  little  or  no  sediment,  as  the  water  supplying  the 
pond  may  soak  into  it  through  the  soil  from  the  surrounding^ 
slopes,  as  in  the  case  of  Wilmurt  lake  in  the  Adirondacks.^ 

Many  ponds  and  lakes  in  north  temperate  regions  are  sur- 
rounded by  a  growth  of  water-loving  plants,  and  particularly 
with  mosses.  As  these  multiply,  they  not  only  send  their  reots 
downward  into  the  shallow  waters  around  the  edge  of  the  pond. 


^Smyth,   O.  H.  jr.    Lake  Filling  in  the  Adirondacks.    Am.  Geologist. 
1893.     11:85. 


■ 


Peat  from  bog  of  Cyrus  Post,  northeast  of  Cold  S 
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but  may  also  spread  toward  the  center  of  the  lake,  forming  a 
mass  of  floating  vegetation.  This  growth  often  covers  event- 
aally  the  whole  sheet  of  water,  but  at  the  same  time  thickens, 
for,  as  the  plants  die  off  in  any  one  place,  new  ones  spring  up 
on  their  remains.  In  this  way  the  pond  often  becomes  entirely 
filled  with  a  spongy  mass  of  matted  plant  fragments.  Such  a 
deposit  is  known  as  peaty  and  a  section  made  through  a  i)eat 
bog  from  top  to  bottom  will  show  a  layer  of  living  plants  at  the 
surface,  which  grow  on  the  clearly  outlined  stems  and  roots  of 
dead  ones,  while  below  these  is  a  gradual  passage  into  fully 
formed  peat,  in  which  little  trace  of  the  original  vegetable 
fibers  may  be  discernible.  This  lower  part  is  the  peat  proper, 
though  the  name  is  often  broadly  used  to  include  the  overlying 
layers. , 

Peat  is  very  spongy  in  its  character  and  varies  in  color 
from  brown  to  black.  It  may  also  show  variation  in  structure, 
some  peat  being  very  fibrous,  while  other  varieties  show  little 
fibrous  character  and  are  rather  cheesy  when  moist. 

The  process  of  peat  formation  is  not  one  of  complete  decay, 
but  one  of  slow  oxidation  which  takes  place  away  from  contact 
with  the  air.  In  this  change  hydrogen,  nitrogen  and  some 
oxygen  pass  off,  indeed  the  formation  of  peat  is  entirely  similar 
to  the  first  stages  in  the  formation  of  coal. 

As  the  deposit  gains  in  depth  the  decomposition  of  the  vege- 
table matter  continues,  and  this  is  accompanied  by  the  evolution 
of  gases  and  a  densification  of  the  mass. 

This  change  of  vegetable  matter  into  peat  is  quite  different 
from  that  taking  place  when  the  same  material  decays  under 
the  soil  in  drained  land.  The  decayed  vegetable  matter  or 
himius  formed  under  these  latter  conditions  is  much  darker, 
sometimes  even  black/  and  is  insoluble  in  water,  to  which  it 
imparts  no  brown  color,  while  the  humus  of  bog  peat  is  soluble. 
This  insoluble  humus  is  the  form  most  desired  by  the  farmer. 
The  brown  humus  of  bogs  can  however  be  rendered  insoluble  by 
lime. 

^Hilgard,  E.  W.  Cal.  Exp.  Sta.    1892-93.    p.  11. 
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The  presence  of  water  is  necessary  for  peat  formation,  as 
vegetable  matter  if  exposed  to  the  air  alone  is  completely  de- 
stroyed. Since  most  peat  is  formed  from  the  moss,  spJiaffuumy 
peat  bogs  are  formed  only  in  cold,  temperate,  humid  climates, 
for  the  reason  that  sphagnum  does  not  grow  in  dry  air,  and  also 
on  account  of  the  fact  that  vegetable  matter  ferments  more 
rapidly  in  moist  climates,  and  is  more  easily  converted  into  gas- 
eous products. 

The  reason  why  sphagnum  is  a  good  peat  producer  is  because 
of  its  cellular  structure,  the  plant  tissues  attract  and  absorb 
much  moisture.  Thus  a  growth  of  s-phagnum  may  raise  the 
water  level  above  that  of  the  surrounding  surface.  Also  the 
fibers  of  sphagnum  are  tough  and  make  a  mass  firm  for  cutting. 

The  following  section  of  a  peat  bog  is  given  by  R.  W.  Ells.^ 
On  the  surface  there  is  a  growth  of  stunted  tamarack  trees. 
Proceeding  downward  the  following  layers  are  recognized: 

1  Green  living  and  growing  plants 

2  Intermediate  zone  containing  well  defined  plant  remains 

3  Lower  zone,  in  which  there  is  very  little  plant  structure  re- 
maining 

An  ultimate  chemical  analysis  of  peat  shows  carbon,  hydro- 
gen, oxygen  and  nitrogen,  or  the  same  elements  found  in  the 
parent  plants  from  which  it  was  formed,  but  the  four  elements 
are  present  in  different  amounts.  Johnson^  gives  the  following 
analyses,  which  show  the  changes  that  take  place  in  the  altera- 
tion of  sphagnum  to  peat. 

Material  Analyst  Carbon     Hydrogen      Oxygen       Nitrogen 

Sphagnum Websky...  49.88  6.54  42.42       1.16 

Peach  wood Chevandier  49.9  6.1  43.1  .9 

Poplar  wood   "  50.3  6.3  42.4         1 

Oakwood '•  50.6  6  42.1         1.3 

Peat,  porous,  light  brown, 

sphagnum Websky ...   50 .  86     5.8      42.57         .77 

V Y / 

Peat,  porous,  red  brown  .  Jaeckel  ...   53.51     5.9  40.59 

Peat,  heavy,  brown "       ...  56 .  43     5 .  32  38 .  25 

^Ontario  Bureau  of  Mines.    Rep't  1892.    p.  195. 
*reat  and  its  Uses,  p.24. 
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Peat,    dark  red  .  brown, 

well decompoeed Websky...  59.47    6.52    81.51      2.61 

Peat,  black,    very  dense 

andhard "       ...59.7      5.7      33.04      1.66 

?eat,  black,  heavy  )  beet       "       ...  59.71    5.27    32.07      2.69 

Vfor 
?eat,browD,  heavy)  fuel       "      ...  62.64    6.81    29.24      1.41 

This  table  shows  similarity  but  not  identity  of  composition 
letween  sphagnum  and  wood. 

It  also  shows  an  increase  in  the  percentage  of  the  carbon 
«>ntents  as  the  material  approaches  more  closely  to  true  peat 
n  composition  and  character. 

According  to  Johnson  the  ripest  and  heaviest  peat  has  lOji  to 
12j<  more  carbon  and  10^  to  12j^  less  oxygen  than  the  vegetable 
matter  from  which  it  is  produced. 

The  ultimate  composition  of  the  compounds  contained  in  peat 
is  given  by  Johnson  (p.  25),  as  follows: 

Carbon  Hydrogen  Oxygen 

Ulmic  acid  67.1  4.2  28.7 

Hnmic  acid 61.1  4.3  84.6 

Ctenic  acid 56.47  2.74  40.78 

Apocrenic  acid 45.7  4.8  49.6 

The  ash  of  peat,  representing  the  mineral  matter  contained  in 
it,  varies  much  in  composition.  It  may  be  chiefly  silicious,  or 
Again  lime  may  predominate.  Some  peats  have  been  found  to 
be  high  in  sulfate  of  iron,  and  it  is  stated  by  Johnson  that  in 
4Bome  cases  they  contained  sufficient  to  make  its  extraction 
profitable.    These  are  known  as  vitriol  peats. 

The  bases  found  in  the  ash  may  have  been  combined  with 
the  organic  acids. 

The  compounds  given  off  during  the  decomposition  of  vege- 
table matter  are  carbonic  acid  gas,  marsh  gas,  nitrogen  and 
i¥ater. 

Websky  found  in  the  gas  from  a  peat  bed  (Johnson,  p.  27): 

CO2  2.97 

CH^  43.36 

N  53.67 
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Analyses  of  peat  from  different  localities  will  naturally  show 
a  considerable  variation,  specially  in  the  mineral  contents  or  in- 
soluble matter,  which  they  may  contain,  but  this  is  easily  under- 
stood when  we  consider  the  origin  of  peat.  Many  ponds  are  fed 
by  streams  which  are  muddy  and  therefore  carry  a  large  amount 
of  sediment  in  suspension,  while  other  streams  entering  a  pond 
where  peat  is  forming  may  be  quite  clear.  The  quantity  of 
mineral  matter,  such  as  sand,  silt  or  clay,  which  p^at  may  con- 
tain is  very  variable,  and  materially  affects  its  uses.  Peat  con- 
taining a  high  percentage  of  mineral  matter  is  usually  spoken  of 
as  mtick.  When  peat  contains  little  mineral  matter,  its  fuel 
value  is  important,  but  when  much  is  present  then  it  is  of 
greater  value  agriculturally.  The  plant  species  which  formed 
the  peat,  also  influences  the  length  and  toughness  of  the  peat 
fibers.  But  these  questions  will  be  discussed  in  more  detail 
later. 

The  percentage  of  mineral  matter  in  peat  may  vary  from  If 
to  30^.  For  purposes  other  than  agricultural  it  should  not  ex- 
ceed 7^  or  8^.  The  average  composition^  after  deducting  the 
mineral  residue  and  recalculating  is:  carbon  52^  to  56^,  hydrogen 
4.7^  to  7.4  ^,  oxygen  28j^  to  39^,  nitrogen  1.5^  to  3^.  Even  in  the 
ash  of  peat  there  may  be  considerable  chemical  variation.  John- 
son^,  gives  the  following  analyses  of  peat  ashes;  1  being  from 
Poquonnock  Ct.,  2  from  Colebrook  Ct.,  and  3  from  Guilford  Ct. 

1  2  3 

Potash .69  .8  3.46 

Soda .58  trace 

Lime 40.52  35.59  6.6 

Magnesia 6.06  4.92  1.05- 

Ferric  oxid  and  alumina 5 .  17  9 .  08  15 .  59 

Phosphoric  acid .5  .77  1.55 

Sulfuric  acid 5.52  10.41  4.04 

Chlorin .15  .43  .7 

Soluble  silica 8.23  1.4 

Carbonic  acid 19.6  22.88^  67.01 

Sand 12.11  15.04 

'Ontario  Bureau  of  Mines.    Rep't.  1891.    p.  181. 
'Peat  and  Its  Uses,  p.  24. 
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The  same  author  also  gives  the  following  minimum,  maximum, 
and  average  percentages  in  peat  ashes  drawn  from  various 
sources  ^ 

Minimum  Maximam  ATwace 

Potash .05  3.64  .8» 

Soda 5.73  .Sa 

lame 4.72  58.38  24 

Magnesia 24.39  3,2 

Alumina .9  20.5  '    6.7S 

Ferric  oxid 73.33  18.7 

Sulfuric  acid 37.4  7.5 

Ghlorin 6.5  .6 

Phosphoric  acid 6.29  2.5ff 

Sand-. .99  56.97  26.6 

Lime  is  nearly  always  found  in  peat  ash,  and  like  sand  may  at 
times  be  present  in  considerable  quantity. 

All  the  substances  found  in  the  ash  of  peat  are  likewise  found 
in  that  of  sphagnum,  as  seen  by  the  following  analysis  r^ 

Potash 17.2 

Soda S.S 

Lime 11. » 

Magnesia 6.T 

Sulfuric  acid 6.6 

Ohlorin 6.2 

Phosphoric  acid 6.7 

The  following  table  gives  the  chemical  composition  of  peat 
from  different  localities. 

Kane*  gives  the  following  analyses  of  peat  samples  taken 
from  the  top  and  bottom  of  a  bog  at  Phillipsburg  N.  J. 

Sp.  gr.  Carbon         Hydrogen        Oxygen        Nitrogen  Ash 

Surface  peat 405       57.53       6.83       32.23       1.42         1.9 

Bottom  peat 669       58.48       5.9        31.47         .85         8.3 

iPeat  and  its  Uses,  p.  48. 
'Johnson.    Peat  and  its  Uses,  p.  49. 
'Mineral  Industry,    2:490. 
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The  slight  variation  in  ash  does  not  necessarily  indicate  any- 
thing, for  even  in  the  same  bog  the  ash  percentage  may  show 
differences. 

Freshly  dug  peat  may  contain  from  30j^  to  80^  of  moisture, 
depending  on  the  dryness  of  the  bog,  and  some  deposits  may  be 
so  wet  as  to  need  artificial  draining  before  the  material  can  be 
extracted. 

While  most  peat  is  formed  by  the  accumulation  of  mosses, 
still  it  sometimes  results  from  the  growth  and  decay  of  other 
plants.  Roller^  states  that  practically  all  plants  except  fungi 
may  form  it,  biit  that  the  bog  mosses  are  the  most  important 
as  owing  to  their  spongy  nature  they  tend  to  produce  a  high 
water  level  in  the  pond  or  swamp.  Indeed,  on  this  account  a 
sphagnum  bog  may  often  raise  the  water  level  above  that  of  the 
surrounding  country. 

'Die  Torflndustrie.     Leipzig  1898.    p.  5. 
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Some  plants,  like  vaceinium,  grow  so  thick  that  they  hinder 

vaporation  of  the  water  from  the  surface,  thus  raising  its  level 

and    producing   favorable    conditions   for    peat    accumulation. 

Where  peaty  deposits  occur  in  New  York  State,  ferns  also  take 

part  in  the  peat  growth. 

The  process  of  peat  formation  may  begin  as  soon  as  the  plant 
is  covered  by  water,  but  the  rate  at  which  peat  forms,  depends 
[)n  the  plant  species  and  climate. 

The  average  rate  of  growth  given  by  many  is  from  2  to  4 

nches  a  year.     Percy^  records  an  instance  of  15  feet  growth  in 

10  years.    Roller^  states  that  in  some  bogs  peat  has  been  found 

o  increase  in  thickness  at  the  rate  of  75  centimeters  in  a  hun- 

Ired  years,  while  at  other  points  under  specially  favorable  con- 

litions  the  same  thickness  was  attained  in  30  to  50  years.    In 

itill  other  localities  a  growth  of  2  meters  in  70  years  has  been 

ecorded.  In  the  valley  of  Somme^  three  feet  of  peat  accumulated 

n  about  40  years;  and  near  Hanover  Ger.  4  to  6  feet  in  the 

same  length  of  time.    Fully  formed  peat  represents  about  one 

quarter  of  the  original  vegetable  tissue  from  which  it  has  been 

derived.^ 

Peat  deposits  are  found  chiefly  in  north  temperate  climates, 
specially  in  moist  ones.  Many  thousand  acres  of  the  north 
German  plain  are  underlain  by  deposits  of  peat,  while  in  Ire- 
land alone  it  is  estimated  that  there  are  1,576,000  acres  of  flat 
bog  and  1,254,000  acres  of  mountain  bog.  Russia  is  said  to 
have  67,000  square  miles  of  peat  land,  and  there  are  also  several 
million  acres  in  Norway  and  Sweden,  while  extensive  deposits 
are  not  lacking  in  France  and  Holland.^  Peat  bogs  are 
known  in  the  United  States  and  Canada.  While  those  of  the 
former  are  not  as  extensive  as  European  ones,  still  deposits  are 
found  in  nearly  all  of  the  northern  states.  They  are  common 
in  New  York,  Pennsylvania,  Michigan,  Wisconsin  and  Minne- 
sota. 


^  Fuels,  p.  201.   ' 

'Die  Torfindustrie,  p.  11. 

"Ontario  Bureau  of  Mines.      Rep't.  1891.    p.  181. 

^Mineral  Industry,  7:191. 

•Mineral  Industry,  2:490. 
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Mining  of  peat 

Where  peat  is  to  be  used  for  purposes  which  are  not  agricul- 
tural, some  profitable  and  rapid  means  of  extracting  the 
material  becomes  necessary. 

If  the  bog  is  sufficiently  dry,  the  peat  can  be  dug  in  blocks  and 
stacked  up  to  air-dry  as  much  as  possible.  When  a  spade  is 
used  to  dig  the  peat,  one  of  special  form  is  employed,  consisting 
of  a  long,  narrow  blade,  which  has  a  tongue  at  right  angles  to  it 
on  one  edge.  This  is  known  as  a  sHane  in  Ireland,  and  as  a 
pecU'Spade  in  Scotland. 

The  bog  is  usually  drained  by  a  series  of  ditches  before  the 
digging  commences. 

Where  the  bogs  are  worked  on  a  large  scale,  it  is  usually 
found  desirable  to  use  some  form  of  cutter  or  excavator,  drawn 
by  horses.^ 

In  some  bogs  there  is  such  a  large  quantity  of  water,  that 
attempts  have  been  made  to  collect  the  peat  with  dredges  set  on 
floating  scows,  and  then  extract  the  water  from  it  by  screening, 
pressing,  or  drying.  In  some  cases  the  dredged  mass,  which 
comes  up  as  thin  mud,  is  discharged  on  land,  in  a  thick  layer, 
and  this  when  dry,  by  the  draining  off  of  the  water,  is  cut  up 

# 

into  blocks.    This  process  was  patented  in  Canada  in  1864  by  a 

Mr  Hodges.2 

The  writer  has  also  been  informed  that  a  similar  process  was 

tried  near  Fishkill  village  and  also  north  of  Syracuse  about  the 

same  date. 

Uses  of  peat 

It  is  not  unnatural  to  expect  that  many  applications  have 
been  found  for  peat,  for,  being  a  common  material  in  most 
northern  countries,  it  is  noticed  by  many  people,  and  inquiries 
made  concerning  its  possible  value. 

Peat  for  fuel.  This  is  perhaps  the  best  known  use  to  which 
peat  is  put.     Its  value  for  this  purpose  depends  on  the  density, 

^A  number  of  these  are  described  by  KoUer  in  Die  Tor/Industrie,  p.  33 
et  seg. 
=  Mineral  Industry,  2:492. 
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.ynesB,  coherence,  and  purity  of  the  peat.  In  some  countries, 
notably  Ireland  and  Germany,  the  peat  is  dug,  dried  and  then 
Medy  biit,  while  cheap  when  employed  in  this  manner,  still  It 
lacks  heating  power,  for  it  is  not  only  porous,  but  even  when 
air-dried  may  still  contain  as  much  as  26^  or  30^  of  water.  Peat 
rf  this  character  burns  very  freely. 

For  developing  the  maximum  calorific  power  therefore  it  is 

lat  only  necessary  to  dry  the  peat  thoroughly,  but  also  to 

lompress  it  into  some  dense  and  more  solid  form.     Pressure 

ilpne  is  not  sufficient  to  drive  out  all  the  moisture,  nor  has  it 

leen  found  practicable  to  dry  the  peat  in  bulk,  and  therefore  a 

Teliminary  pulverization  is  always  necessary. 

While  experiments  carried  out  on  a  working  scale  have  shown 

liat,  when  properly  treated,  peat  will  develop  a  good  calorific 

awer,  still  it  can  not  compete  successfully  with  bituminous 

Dal  in  those  countries  where  there  is  an  abundance  of  the  last 

lentioned  material. 

P,  B.  Bjorling^  refers  to  a  peat  which  was  used  for  fuel,  and 
jntained  from  75^  to  85^  of  water  in  its  raw  condition.  This 
was  reduced  to  ^^  to  15^. by  air-drying,  and  in  that  condition. 
contained  from  5^  to  16^  of  ash.  The  composition  varied  be- 
tween 50^  and  66^  carbon;  4.7^  to  7.4^  hydrogen;  28^  to  39j( 
oxygen;  and  1.3^  to  3^  nitrogen.  In  the  air-dried  condition  the 
calorific  value  was  3000-3500  units,  or,  when  dried  at  100°  C,  it 
was  5200  units. 

Experiments  which  have  been  made  to  test  the  heating  effect 
of  raw  and  prepared  peat  as  compared  with  coal,  indicated  that 
the  number  of  pounds  of  water  heated  from  0  to  100°  C,  by  one 
pound  of  peat  varies  from  18  to  62.2 

The  heating  power  of  peat  can  be  determined  by  means  of  a 
calorimeter.  The  principle  of  this  consists  in  determining  the 
nnmber  of  degrees  temperature  to  which  a  given  quantity  of 
water  can  be  raised  by  the  heat  given  off  by  a  certain  amount 
)f  peat  in  burning.    For  such  a  test  a  number  of  different  calorim- 


*  Colliery  Guardian,  80:1127,  1183,  1294;  81:21. 
'Mineral  Industry,  2:402. 
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eters  have  been  used,  but  one. of  very  convenient  and  simple 
form  is  somewhat  as  follows.  It  consists  of  a  cylinder  of  sheet 
iron  which  is  jacketed  with  wooden  staves;  Inside  of  this  there 
is  a  spiral  sheet  copper  tube  which  carries  off  the  smoke  from 
the  little  fireplace,  which  is  totally  inclosed  by  double  walls  of 
tin.  The  covering  of  the  sheet  iron  cylinder  already  mentioned 
has  four  openings,  one  for  the  smoke  pipe  leading  from  the 
spiral  tube,  another  one  for  the  insertion  of  the  thermometer, 
a  third  for  inserting  a  stirrer,  and  a  fourth  for  filling  the 
cylinder. 

The  fireplace  has  a  grating  with  a  small  ash  pit  beneath  it, 
and  these  two  have  separate  doors.  The  upper  door,  leading 
into  the  fireplace,  proper,  has  an  opening  for  the  admission  of 
air  or  draft,  and  a  second  for  inserting  a  pipe  leading  from  the 
bellows.  At  one  side  of  the  cylinder  is  a  stopcock  for  drawing 
off  the  water.  In  using  the  apparatus  the  cylinder  is  filled  to  a 
distance  of  4  cm  from  the  top  with  cold  water,  the  exact  volume 
of  which  is  known.  The  temperature  of  this  water  is  deter- 
mined  before  commencing  the  experiment.  A  weighed  amount 
of  the  peat  is  then  placed  on  the  hearth,  set  on  fire,  and  the  door 
of  the  fireplace  closed.  Air  is  then  pumped  into  the  hearth  by 
means  of  the  bellows.  From  time  to  time  more  fuel  is  added. 
It  the  end  of  the  experiment  a  note  ismade  of  the  time  which  the 
test  has  taken,  the  temperature  of  the  water  and  the  quantity  of 
the  material  burned.  The  percentage  of  ash  is  also  determined. 
Knowing  then  the  amount  which  the  temperature  of  the  water 
has  been  raised,  the  weight  of  the  water  used  and  the  amount 
of  the  fuel  consumed,  we  can  figure  out  the  calorific  power  of 
the  peat.  In  order  to  obtain  very  exact  results,  a  correction 
should  perhaps  be  made  for  the  amount  of  heat  absorbed  by  the 
metal  cylinder  holding  the  water,  though  the  loss  of  heat  by 
radiation  through  the  walls  of  the  cylinder  is  reduced  to  the 
minimum  by  having  it  jacketed  with  wood,  as  before  mentioned. 
The  amount  of  heat  lost  by  absorption  into  the  metal  can  be 
determined  by  muitiplying  the  weight  of  the  metal  cylinder  by 
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i  Bi>eciflc  heat  of  the  metal  of  the  same,  adding  this  product 
ithe  weight  of  water. 

rhnnton  in  speaking  of  peat  says:  "Dried  in  air,  peat,  like 

>  lignites,  retains  moisture  persistently,  and  is  usually  found 

contain  30j<  after  drying.    A  pound  of  charcoal  and  1.66 

incUi  of  peat  have  nearly  the  same  heating  value.    When  used 

fuel,  it  is  usually  cut  from  the  bog  with  sharp  spades,  ground 

in  a  special  machine,  and  then  spread  out  in  the  sun  and 

.  to  dry.    It  is  frequently  compressed  by  machinery  till  itd 

leYLsity  approaches  that  of  the  lighter  fuels,  and  it  is  then  used 

n  blocks  of  convenient  size.    Its  specific  gravity  is  about  .5.'* 

Johnson^  states  that  in  using  peat  as  fuel  regard  must  be  had 
JD  its  shape  and  bulk.  Flat  blocks  are  apt  to  lie  closely 
ogether  la  the  fire  and  obstruct  the  draft.  A  fireplace  con- 
ttmcted  properly  for  burning  them  should  be  shallow,  not  ad- 
Bitting  of  more  than  two  or  three  layers  being  superimposed. 
According  to  the  bulkiness  of  the  peat,  the  fireplace  should  be 
oomy  as  regards  length  and  breadth.  Fibrous  and  easily 
mmbling  peat  is  usually  burned  on  a  hearth,  either  in  stoves 
r  open  fireplaces.    Dense  pe£|,t  burns  best  on  a  grate,  the  bars 

« 

f  wUch  should  be  thin  and  near  together,  so  that  the  air  may 
ive  access  to  every  part  of  the  fuel.  The  denser  and  tougher 
te  peat,  the  better  is  its  heating  power. 

rwed  peat.    It  has  sometimes  been  found  desirable  in  the 

le  of  peat  fuel  to  press  the  material  into  bricks,  instead  of 

dng  it  in  the  porous  condition  in  which  it  is  found  in  nature. 

le  advantages  which  pressed  peat  possesses  are,  that  a  given 

lame  of  the  material  has  much  greater  heating  power;  the 

jckM  of  the  material  dry  out  very  rapidly  and  do  not  absorb 

ich  moisture;  in  the  transportation  a  given  quantity  of  peat 

1  the  present  form  takes  up  much  less  room  than  the  uncon- 

olidated  material,  and  furthermore,  not  only  stands  the  trans- 

lortation  better,  but  is  stronger  and  can  therefore  be  built  or 

lOed  up  much  higher  on  the  freight  cars.    It  requires  much  less 

ipMt  and  its  Uses^  p.  102. 
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space  ill  storaijo;  and  in  the  manufacture  of  the  material  much 
less  drying  space  is  required. 

Wherever  peat  is  extensively  employed  for  fuel,  the  air-dried 
material  is  usually  compressed  into  briquets.  This  has  been 
used  ill  Sweden  for  some  time,  and  has  also  been  tried  in  Ger- 
many and  Canada. 

Various  methods  are  used  in  the  preliminary  treatment  of  the 
material.  In  some  experiments  recently  made  at  the  Royal 
Testing?  Station  at  Berlin^  a  method  was  used  which  had  been 
devised  by  engineer  Strauber.  The  peat  used  had  the  following 
composition. 

Fixed  carbon 45 .  14 

Hydrogen   4 .  54 

Oxygen 29.34 

Ash   9.09 

Its  thermal  value  was  3806  calories,  which  is  said  to  equal 
brown  coal.  While  the  details  of  the  process  are  not  given  out, 
it  is  said  that  it  is  possible  to  reduce  the  water  contents  to 
about  12;^  by  the  application  of  the  proper  amount  of  heat.    • 

In  working  the  peat,  the  material  is  pulverized  in  specially 
contrived  machinery,  and  fibers,  roots  and  other  impurities^ 
eliminated.  The  water  is  removed  by  compression,  and  the 
cleansed  and  pulverized  material  pressed  into  molds  by  auto 
matic  machinery.  Hopes  are  entertained  that  the  peat  briquets 
made  by  this  new  process  will  replace  the  lignite  so  much  used 
in  Germany. 

At  a  Danish  works^  the  peat  is  dredged  from  a  scow,  on  which 
there  is  also  located  a  pulper  or  pug  mill.  The  peat  is  dug  by 
hand,  and  shoveled  into  the  pulper  together  with  water.  When 
mixed,  it  is  discharged  automatically  into  dump  cars,  which  take 
the  material  to  the  molding  and  drying  floors.  By  this  process, 
it  is  claimed,  one  man  can  dig  a  ton  of  peat  (calculated  dry)  per 
hour,  or  10  tons  per  day.     On  this  continent  a  peat  fuel  plant  is 

^Consular  Reports.     Nov.  1901.     67:254. 
*  Mineral  Industry,  7:191. 
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■ 

jperation  uear  Welland  Ont.  It  is  operated  by  the  Canadian 
/eat  Fuel  Co.  of  Toronto,  which  has  a  peat  bog  of  about  5000 
Ijsres.i 

At  the  Trent  Valley  Peat  Fuel  Works,  Kirkfield  Can.,  the  peat 
Braised  by  means  of  a  dredge  and  convoyed  to  the  works,  where 
t  is  pressed  and  then  dried  in  a  sloping  cylinder  5  feet  in 
liameter  and  30  .feet  long.  The  yield  is  3  tons  of  dried  peat  per 
lour,  and  the  product,  which  has  12;^  moisture,  is  compressed 
nto  cylinders  IJ  by  1^  inches. 

One  form  of  drying  chamber  which  is  in  use  near  St  Peters- 
>urg,  Russia,  consists  of  a  series  of  cast  iron  trays,  placed  one 
bove  the  other,  and  heated  by  exhaust  steam;  the  pulp  is  con- 
eyed  along  these  trays,  being  stirred  all  the  while,  iind  is  then 
elirered  finally  to  the  pressing  machinc^s.^ 
Peat  coal.     By  heating  peat  to  about  200°  C,  or  till  combustible 
ases  begin  to  come  off,  peat  coal  is  formc^.^     In  one  patented 
recess  known  as  a  Mrs  AngeFs,  the  peat  is  placed  in  closed 
=^8sels  without  gas  exit  and  burned  at  comparatively  low  tem- 
erature,  whereby  the  i)roducts  of  distillation  are  retaine.d  in 
le  coal.     The  peat  used  should  be  previously  freed  from  the 
rger  part  of  its  moisture.     The  apparatus  is  heated  to  a  tem- 
irature  of  50°  to  400°  during  1  to  G  hours.     The  coal  is  said 
»  then  have  a  metallic  luster  and  to  be  hard  and  free  from  soot 
id  compare  favorably  with  bituminous  coal.     The  following 
Jble,  taken  from  a  report  by  Professor  Klasson^  shows  the 
^erage  composition  of  differc^nt  coals  and  peat,  together  witb 
e  mean  calorific  value  of  the  absolute  dry  and  ash-free  fuel, 
id  the  average  percentage  of  moisture  in  its  dried  state. 

Carbon      Hydrogen      Oxygen         Sulfur 

«rood 52        6.2        41.7 

Peat 58        5.7        35 

Brown  coal...     66        4.0        28 


^Ontario  Bureau  of  Mines.      Rep't.  1890.    p.  188. 
*Bach,  A.    Inst.  Civ.  EnR.    Proc.  190O.    p.  147. 
'Mineral  Industry,  7:191. 
^Jubilee  number  for  1896  of  Tecknisk  Tidskift. 
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Carbon     Hydrogen      Oxygen        Sulfur  Nitr.       Calories  Moist- 

Swedish  coal . .    78        5.1        14.8         .8        1.3        75        13.5 

English  steam 

coal 81        5.2        11.5      1  1.3        80  7.6 

English  gas 

coal 87        5.2  5.5      1  1.3        87  1.7 

English    coke 

coal 87        4.9  4.1      1  1  86  1.4 

Welsh  anthra- 
cite      91        3.5  3.5       1  1  86  2 

It  is  said  that,  while  the  Swedish  committee  expressed  a 
favorable  opinion  as  to  the  value  of  peat  fuels,  namely  peat 
briquets,  peat  coal,  and  peat  dust,  still  the  peat  coal  was  pro- 
nounced to  be  economically  short  of  what  it  was  claimed  to  be,. 
for  it  was  found  that  16j(  of  the  heat  value  of  the  peat  was  lost 
in  the  process  of  carbonization,  and,  furthermore,  that  the  pro- 
cess of  manufacture  was  so  expensive  that  peat  coal  could  not 
compete  with  other  coal.  Attempts  have  been  made  to  utilize 
peat  charcoal  for  iron  manufacture,  but  one  great  objection  i» 
its  low  strength  and  also  the  occasional  presence  of  phosphates. 

Moss  litter.  This  term  is  applied  to  the  material  consisting  of 
the  matted  roots  and  stems  of  dead  mosses,  which  have  decayed 
but  little  or  not  at  all  (pi.  33).  It  forms  a  layer  between 
the  growing  moss  on  the  surface  and  the  fully  formed  peat 
underneath,  and  may  often  be  several  feet  in  thickness.  On  ac- 
count of  its  high  absorptive  power  for  gases  and  liquids,  it  haa 
found  wide  application  as  a  deodorizer  and  disinfectant.  The 
following  partial  analyses,  taken  from  bulletin  49,  Fertilizers  a» 
^old,  by  T.McFarlane,  Laboratory  Internal  Revenue  department,^ 
Ottawa,  show  the  composition  of  the  material. 

Moisture 

Light  colored  moss,  Caledonia  Springs  10 

Dark  colored  moss,  same  place 11.6 

Peat,  same  place 10.95 

Surface  mosfe,  Mer  Bleu,  at  Eastman's.  10.85 

Moss  litter,  Welland  Co.,  bog 3.85 

Peat  under  preceding 5.3 


Ash 

Nitrogei> 

1.6 

2.95 

2.7 

2.2$ 

3.9 

2.94 

2.8 

.71 

4.7 

1.51 

4.85 

1.41 

Moss  litter  from  a  peat  bog 
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The  use  of  moss  litter  has  been  well  known  for  a  number  of 
years,  specially  in  Sweden.  In  Germany  the  material  obtained 
from  the  high  moors  has  also  yielded  excellent  results.  The 
sphagnum  predominates  as  long  as  there  is  a  layer  of  living 
plants  on  the  surface,  but  when  it  dies,  heath  plants,  such  as 
Ccssamdra,  Andromeda  and  Kalmia,  spring  up.  Sphagnum  litter 
is  preferable,  as,  on  account  of  the  great  number  of  empty  cells 
which  this  plant  contains,  its  absorptive  power  is  high.^ 

The  absorptive  power  of  the  litter  decreases  with  an  increase 
in  the  degree  of  decomposition. 

Moss  litter  is  being  extracted  at  but  few  localities  in  this 
country.  Among  the  most  important  may  be  mentioned  one 
near  Welland  Ont.,  belonging  to  the  Canadian  Peat  Fuel  Co. 
A  description  of  the  deposit  and  plant  may  be  quoted  from  the 
report  of  the  Ontario  Bureau  of  Mines,  1896,  p.  186. 

The  first  stage  of  the  operation  is  to  cut  the  mess  into  blocks 
about  18  inches  square,  which  are  piled  together  in  rows  on  the 
surface  of  the  bog.  When  the  moisture  has  sufficiently 
evaporated,  the  blocks  are  gathered  and  wheeled  in  small  cars 
to  the  storing  sheds.  They  are  then  passed  through  the  picking 
machines,  two  of  which  stand  side  by  side.  These  are  provided 
with  heavy  revolving  cylinders  armed  with  strong  teeth,  which  • 
act  upon  similar  teeth  set  in  the  concave  surface  of  the  breast 
against  which  they  work.  In  the  pickers  the  moss  is  torn  and 
loosened  apart,  the  object  being  to  separate  the  fibers  rather 
than  to  break  them.  The  pickers  discharge  the  moss  on  to  mov- 
ing carriages,  three  in  number  to  each  machine,  ranged  above 
one  another,  which  carry  it  horizontally  through  a  drying 
chamber  or  tunnel  116  feet  in  length,  8  feet  high  and  16  feet 
wide.  These  carriers  travel  against  a  current  of  hot  air  drawn 
through  the  tunnel  by  a  disk  fan  revolving  at  the  farther  end. 
The  object  is  to  remove  the  greater  part  of  the  moisture  remain- 
ing in  the  moss.  The  heat  for  this  purpose  is  generated  by  a 
furnace  situated  parallel  to  the  tunnel,  whence  the  hot  air  is 
drawn  by  the  suction  fan  into  a  mixing  chamber.  The  hot  blast, 
after  passing  over  the  moss,  emerges  laden  with  moistui'e  into  a 
wooden  shaft  and  so  into  the  outer  air.  At  the  end  of  the  tun- 
nel the  moss  falls  into  a  conveyor,  from  which  it  is  elevated  into 
a  weighing  bin  or  hopper  situated  above  the  bailing  press  or 

'Jack,  E.    Ontario  Bureau  of  Mines     Rep't.  1893.    p.l39. 
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packer.  The  hopper  works  automatically,  and,  as  soon  as  suffi- 
cient weight  is  received,  it  deposits  its  load  in  the  press,  which 
is  a  machine  of  peculiar  design.  In  the  finished  state  the  litter 
contains  30^  to  33^  of  moisture,  and  in  this  condition  it  goes  into 
use.  It  is  said  to  take  up  liquids  more  readily  in  this  condition 
than  when  the  cells  of  the  plant  are  perfectly  dry.  The  material 
is  shipped  to  New  York,  Boston,  Brooklyn,  Baltimore,  Philadel- 
phia, Chicago  and  other  large  cities  in  the  United  States.  It 
retails  in  New  York  for  $15  per  ton. 

Much  of  the  moss  litter  sold  in  the  United  States  is  also  im- 
ported from  Ilolland. 

Mr  McFarland  states  that  the  manufacture  of  moss  litter  was 
attempted  at  Musquash  N.  B.,  and  is  now  being  produced  in 
Ontario.  Dr  Laberge  of  Montreal,  Avho  experimented  with  the 
latter  product,  reports  that  100  jjounds  of  litter  were  sufficient 
for  drying  800  pounds  of  ordinary  excreta  from  privy  pits  in 
Montreal,  and  rendering  it  entirely  inotfensive..  A  sample  of 
the  product  remained  for  days  in  his  office  without  attracting 
notice,  and  indeed  it  was  quite  devoid  of  odor.  Its  analysis 
gave  the  following  results. 

Per  cent  Pounds  per  ton  Value  per  ton 

Nitrogen  1.31  26.2  at  13c  ?3.41 

Phosphoric  acid  .9  18      at  5c  .9 

Potash 14  2.8  at  5Jc  .15 

Water 65.47 


$4.46 

The  valuation  of  ordinary,  fresh  barnyard  manure  with  75^ 
of  water  is  about  $2  per  ton;  with  67^,  nearly  $2.25.  Therefore 
much  better  results  might  be  expected  agriculturally  from  a 
moss  manure  of  the  composition  just  described. 

Moss  litter  might  also  be  applied  with  great  advantage  in 
public  urinals.  When  a  sample  of  it  was  supersaturated  with 
urine  and  dried  and  this  process  repeated  several  times,  no 
offensive  odors  were  developed.  The  product  on  analysis  was 
found  to  contain  12.41;^  of  nitrogen,  which  is  equal  in  valuation 
to  132.26  per  ton. 

The  results  obtained  in  several  localities  point  well  towards 
the  successful  use  of  litter  as  a  disinfectant. 

At  Copenhagen,  Denmark,  the  material  has  been  used  by  the 
Copenhagen  Milk  Supply  Co.    At  this  works  "  each  stall  is  con- 
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tructed  with  a  hollow,  lined  with  ceinont  -l  iiielios  deep,  below 
he  level  of  the  floor  paviiio-.  This  is  filled  with  the  litter. 
About  an  inch  is  removed  daily  from  the  surface,  the  fresh  sup- 
ply being  laid  at  the  manger  end,  while  the  supply  of  the  day 
before  is  raked  from  the  head  to  the  hinder  end.  The  litter  so 
removed  forms  an  excellent  manure.  The  ])eat  moss  litter  is  de- 
livered in  compressed  bales  of  150  ])onnds  each,  but  care  must  be 
taken  that  it  should  be  almost  free  from  any  moisture  in  order 
that  it  may  be  able  better  to  absorb  all  moisture  when  in  use.^ 

Ilollman's  svslem  of  manufacturing'  moss  litter  is  as  follows.^ 

The  moss  peat  is  cut  out  of  the  bog  in  sods  in  precisely  the  same 
manner  as  fuel  peat.  The  autumn  and  early  winter  are  chosen 
for  work  so  as  to  allow  the  moss  iieat  to  fnn^ze  before  drying. 
It  is  dried  in  stacks  in  tlic  open  air.  At  ('arolin(Miliorst  about 
6^  acres,  58  inches  d(  c^}),  ai*e  cut  each  season,  and  yield  about 
3000  tons  of  moss  litter.  Tlu^  sods  when  di*v  are  taken  to  the 
factory,  placed  in  ehnators  and  carried  to  a  machine  called  the 
^*  wolf,'-  which  tears  them  iato  small  fragments.  TIk^  moss  thus 
produced  is  passed  over  sieves  lo  sejiarate  the  })eat  dust  from 
the  fibrous  substance,  which  forms  the  litter.  It  is  then  put 
into  a  press,  and  with  4  11.  V.  about  (>  cnl)ic  ivoi  of  loose  material 
is  pressed  into  a  sjiace  ()f  '2  cubic  fe(4,  and  tIh^ii  b.aled. 

It  is  claiiiKMl  for  moss  litter  (luit,  ill  ii  alfords  a  di-ier  and 
healthier  bedding  foi'  horses  and  cattle  than  any  other  material, 
(2)  that  in  conscMjiuMice  of  its  great  ])OAvei*  of  absoi'bing  uu>isture 
it  binds  the  valuable  ])ortion  of  tin*  animal  excrenuMits  and 
consequently  yi(dds  the  best  manul•(^  {'-l)  that  it  acts  as  a  disin- 
fectant and  improves  the  air  of  the  stable,  (4i  that  a  smaller 
quantity  of  it  is  recjuii-ed  than  would  b(^  ncnnled  if  straw  wer3 
used. 

Moss  litter  absorbs  (Mght  times  its  weight  in  urine,  while 
straw  takes  up  only  thr(M^  tinier. 

The  smaller  particles  which  are  sc^paratcnl,  the  fttrf  nnill,  are 
powdered  and  sell  at  Is  :>d  per  cwt.  It  is  said  to  be  us(h1  as  a 
disinfectant,  as  a  nmterial  for  making  antiseptic  bandages,  in 
absorbing  the  ly(»  resulting  from  the  treatment  of  molasses 
with  strontium  in  sugar  factories,  as  an  admixtur(^  with  salts 
used  in  ])owder,  as  chemical  manur(\  and  as  packing  material 
for  breakable  or  perishable  goods. 

A  mixture  of  ])(*at  dust,  India  rnl)b(^r  and  sulfur,  has  been 
found  to  be  excellent  material  for  insulating  subterranean  elec- 
tric cables. 

Pure  moss  peat  powder,  free  from  admixture  of  grass  peat  or 
particles  of  sand,  has  b(H*n  used  for  some  time  in  the  manufac- 


^Ontario  Bureau  of  Mines.     Rcp't.  1892.     p.  211. 
«Ibid.     p.  214. 
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ture  of  gunpowder  to  replace  charcoal.  Peat  fiber  carefully 
freed  from  dust  is  beginning  to  be  used  as  a  material  for  car- 
pets and  other  coarse  textile  fabrics.  The  fiber  is  also  used 
as  raw  material  in  some  paper  mills  and  manufactories  of 
celluloid.^ 

Distillation  of  peat.  M.  Miron^  states  that  in  the  distillation 
of  peat  at  the  Montaugier  works  in  France  the  following  prod- 
ucts were  obtained  from  2250  kg.  of  peat:  peat  coal  1000 
kg.,  ammonia  15  1.,  methyl  alcohol  25  1.,  acetic  acid  30  1., 
benzol  15.5  1.,  illuminating  oil  120  1.,  paraflSn  6  kg.,  tar  65  kg., 
heavy  oil  for  lubrication  18  1.  When  only  the  three  principal 
products  were  desired,  it  was  possible  to  obtain  per  ton  of  peat^ 
9 1.  of  illuminating  oil,  4.5  1.  of  heavy  oil,  and  1.3  kg.  of  paraflSn. 

It  was  also  possible  to  obtain  ethryl  alcohol  from  peat,  and 
this  was  obtained  by  adding  sulfuric  acid  at  30°  to  35°  F.B.  to 
the  peat  in  suflScient  amount  to  obtain  with  the  water  in  the^ 
peat  a  2.5^  solution  of  the  acid.  This  is  boiled  for  five  hours- 
under  pressure  at  115°  to  120°  C.  It  is  then  filtered  and  the 
solution  concentrated  and  the  acid  neutralized  with  milk  of  lime 
and  calcium  carbonate.  The  solution  is  cooled  to  25°  C  and 
allowed  to  ferment  and  the  ethyl  distilled  off.  In  this  manner^ 
it  is  stated  one  gallon  of  absolute  alcohol  can  be  procured  from 
215  pounds  of  peat  containing  14j^  of  water.  It  is  also  stated 
that,  when  this  is  compared  with  the  best  yield  of  good  pota- 
toes (with  20^  of  starch),  which  means  1  gallon  of  alcohol  from 
111  pounds  of  potatoes,  the  result  is  very  encouraging. 

Artificial  wood.  A  German  patent  covers  the  process  of  manu- 
facturing artificial  wood  from  peat.  This  is  done  by  thoroughly 
mashing  and  breaking  up  the  fibers  into  dust  and  then  mixing  it 
up  into  a  pulp,  after  which  it  is  dried  and  then  mixed  with 
plaster  of  paris  water.  This  mixture  is  put  into  molds  under 
strong  pressure,  when  the  mixture  is  squecjzed  out,  after  which 
it  is  kiln-dried  and  then  coated  with  oil.  Great  durability  is- 
claimed  for  this  artificial  wood.^ 

'Marschick-Technische  Blatter,     ser.  4.     1809.    p.  149-66. 
^La  revue  technique,  Ap.  16,  1898  quoted  in  Min.  Ind.  3:198. 
'Mineral  Industry,  7:191. 
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Feat  fuel  for  regenerative  gas  furnaces.  The  Siemens  regenera- 
tive gas  furnace  is  claimed  to  be  applicable  to  peat.  lire  (3 :526> 
says  that,  while  2^  tons  of  peat  equal  one  ton  of  coal  in. 
general  practice,  still,  when  used  in  Siemens,  it  equals  65j<  Staf- 
fordshire coal. 

Other  nses  of  peat.  Peat  charcoal  is  good  as  a  disinfectant  and 
deodorizer, -and  also  used  as  a  filtering  medium  for  foul  water 
and  sewage.  The  raw  peat  is  said  to  have  good  effect  on  certain, 
•olls^  supplying  much  nitrogen  and  vegetable  humus.  Peat 
ashes  and  peat  charcoal  also  are  valuable  as  manures. 

Agricultural  uses  of  peat.  Peat  has  a  variable  agricultural 
value,  being  less  desirable  the  more  closely  the  material  ap- 
proaches purity,  for  in  such  a  condition  it  would  lack  all  of  the 
elements  of  plant  food.  The  best  results  are  consequently  ob- 
tained from  a  peat  containing  appreciable  quantities  of  mineral- 
matter,  though  here  variation  in  quality  occurs,  depending  on 
the  chemical  composition  of  these  insoluble  constituents. 

Peat  of  high  purity  does  not  produce  a  productive  soil  with- 
out considerable  preliminary  work,  for,  firstly,  it  may  be  de- 
ficient in  mineral  matter  and,  secondly,  on  account  of  the  high 
absorptive  power  of  humus,  the  soil  is  soaked  with  water,  pre- 
venting the  aeration  of  the  mass.  Deposits  of  this  type  are 
qsually  prepared  for  tillage  by  underdrainage,  and  burning  fol- 
lowed by  thorough  plowing. 

In  many  instances  peat  bogs  have  been  nicely  adapted  to  the 
cultivation  of  cranberries  by  putting  a  layer  of  sand  several 
inches  thick  on  the  surface  of  the  peat  swamp. 

Where  peat  deposits  contain  considerable  mineral  matter,  by 
drainage  and  aeration,  a  soil  of  high  fertility  is  developed  which 
is  specially  valuable  for  the  cultivation  of  celery  and  onions* 

Peat  as  a  fertilizer.  Peat  is  sometimes  added  to  a  soil  to  im- 
prove both  its  chemical  and  physical  properties. 

On  account  of  its  high  absorptive  power  for  water,  it  in- 
creases the  moisture  of  sandy  soils  if  added  to  them,  and,  on 
account  of  its  dark  color,  it  may  also  add  warmth,  since  it  draws 
the  heat.    The  temperature  of  a  clay  soil  may  be  increased  2^ 
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and  that  of  a  sandy  soil  4°  by  the  addition  of  peat.^  The  ap- 
parent coldness  of  many  peat  soils  is  due  to  the  presence  of 
much  water,  for  they  Inwc'  high  absorbent  qualities. 

Even  though  appearing  absolutely  dry,  peat  may  still  eon- 
tain  from  10;^'  to  2iV/  of  moisture. 

Peat  also  shows  considerable  affinity  for  ammonia,  absorbing 
as  nmch  as  l.f^^  under- favorable  conditions.^ 

Many  sandy  soils  by  the  addition  of  humus  or  peat,  form  ex- 
cellent ground  for  early  market  gardening. 

The  addition  of  peat  to  heavy  clay  soils  increases  their  porosity 
and  lightens  them. 

Peat  also  promotes  the  disintegration  of  mineral  matter  in 
the  soil,  the  effect  of  the  humus  being  that,  in  contact  with  cer- 
tain bases  such  as  alkalis  or  lime,  it  absorbs  oxygen,  and  be- 
comes converted  into  humic  acids.  So  strong  is  the  affinity  of 
this  humus  for  oxygen,  that  it  may  even  draw  it  from  oxids  in 
the  soil,  and  thus  lix  t4ie  bases. 

Marine  marsh  soils.  These  form  a  special  type,  which  is  found 
to  some  extent  along  the  seashore.  They  are  formed  by  the 
accumulation  of  fine  mud  in  sheltered  or  quiet  waters  along  the 
coast.  On  this  mud  fiat  there  springs  up  a  growth  of  eblgrass, 
which  serves  to  entangle  more  mud  and  organic  remains,  thus 
raising  the  general  level  of  the  flat,  and  on  this  raised  surface 
land  grasses  and  plants  spread  out,  forming  a  marine  marsh. 

The  task  of  reclaiming  soils  of  this  type  is  by  no  means  diffi- 
cult, as  has  been  pointed  out  in  a  circular  (no.  1)  recently  issued 
by  the  divisions  of  soils  of  the  Department  of  Agriculture. 

These  salt  marshes  are  usually  underlain  by  silt  and  clay,  and 
may  be  covered  by  a  foot  or  so  of  grass  growth.  Soils  of  this 
tjpe  are  not  usually  in  need  of  lime,  because  they  contain  more 
or  less  shell  fragments.  If  this  be  lacking,  the  soil  is  apt  to  be 
too  acid,  this  being  either  natural  or  due  to  the  decomposition 
of  organic  matter;  such  sourness  may  be  counteracted  by  the 
addition  of  lime. 

^Mich.  Agric.  Rep't.     1886.     p.  157. 
*Johnson.     Peat  and  its  Uses,  p.  33. 
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Ii*oii  sulfld  may  also  be  present,  and  by  its  decomposition  may 
yield  hydrogen  sulfid,  soluble  ferrous  iron  compounds,  or  sul- 
furic acid,  all  of  which  are  harmful.  The  hydrogen  sulfld  may 
be  corrected  by  aeration,  but  the  ferrous  iron  has  to  be  changed 
by  similar  treatment,  with  the  addition  of  lime.  Ferrous  iron 
is  usually  found  over  small  areas  only,  which  yield  but  slowly 
to  cultivation. 

Phosphate  of  iron  or  vivianite  may  be  present  in  these  marine 
marshes,  as  well  as  other  swamp  deposits,  and  often  forms  blue 
specks  or  spots. 

The  saline  character  of  these  marine  marshes  also  has  to  be 
remedied;  but,  since  the  sodium  chlorid,  or  common  salt,  is 
easily  soluble,  drainage  aided  by  rainfall  soon  washes  it  out  of 
the  soil. 

The  following  analyses,  give  the  composition  of 

1  Mud  from  tidal  flat  ^ 

2  Subsoil  of  an  outer  marsh 

3  Subsoil  of  an  inner  marsh  which 

was  partially  drained 


y  xVt  Oyster  Bay  N.  Y. 


1 

2 

3 

.43 

.31 

.41 

.37 

.57 

.68 

.16 

.14 

.12 

7.18 

5.36 

10.9 

2.16 

2.55 

3.56 

Lime 

Potash 

Phosphoric  acid 

Organic 

Soluble  in  HgO 

The  soil  in  each  case  would  contain  a  much  greater  quantity 
of  organic  matter. 

Cattail  swamps.     In  many  lakes  and  rivers  of  Xew  York  State 

considerable  fllling  is  going  on,  due  in  part  to  sediment  but  more 

largely  to  the  rank  growth  of  cattails.     This  produces  a  mixed 

deposit,  which  resembles  peat  little  or  not  at  all,  but  in  some 

of  the  older  reports  seems  to  have  been  referred  to  under  this 

name. 

Peat  in  New  York  State 

True  sphagnum  peat  is  not  uncommon  in  the  State  of 
New  York.  Areas  underlain  by  muck,  that  is  impure  peat,  con- 
taining much  mineral  matter,  are  also  very  abundant,  and  oftea 
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form  fertile  soils.  These  muck  areas  are  usually  found  in  the 
depressions,  and  represent  the  site  of  former  ponds,  which  have 
been  filled  up  by  accumulations  of  vegetable  matter  and  sedi- 
ment. 

Extinct  lakes  of  small  size  are  scattered  all  over  the  state,  and 
are  located  either  in  closed  valleys,  natural  rock  basins,  or  de- 
pressions in  the  glacial  drift.  Indeed,  these  glacial  lakelets  are 
extremely  abundant,  as  would  be  expected  in  a  state  so  heavily 
drift-covered.  Many  of  these  are  only  of  a  few  acres  in  extent, 
and,  while  suflBcient  to  supply  peat  for  farming  purposes,  would 
not  pay  to  work  in  case  the  peat  were  to  be  extracted  for  fuel, 
^as-making,  etc. 

Many  of  the  muck  areas  show  a  great  depth  of  material  (25 
feet  or  more)  which  is  often  quite  elastic,  so  that  a  person  stand- 
ing on  the  soil  can  feel  the  jar  of  a  light  buggy  passing  at  a 
-distance  of  25  feet.  There  is  also  apt  to  be  both  horizontal  and 
vertical  variation  in  the  character  of  the  material.  Where  peaty 
matter  exists,  it  frequently  becomes  more  impure  with  depth, 
but,  on  the  other  hand,  frequent  tilling  may  have  developed  a 
loamy  soil  on  the  surface,  which  covers  the  better  peat  below. 

These  muck  areas  have  been  referred  to  by  Mather,  Vanuxem 
and  Emmons  as  peat  deposits  in  their  reports  on  the  geology 
of  New  York  State;  and  it  is  interesting  to  quote  their  remarks 
as  a  comparison  of  early  conditions  with  those  now  existing. 

'Mather^  writes  in  his  report  for  1838  that 
It  (peat)  is  now  coming  into  use  as  a  fuel,  and  must,  before 
many  years,  be  extensively  employed  for  this  purpose  in  this  part 
of  the  country,  where  coal  and  wood  are  so  expensive.  The 
marshes  of  the  Hudson  river,  in  New  York,  Westchester  and 
Putnam  counties,  that  will  yield  peat,  may  be  estimated  at  1000 
acres,  with  a  yield  of  2000  cords  per  acre,  or  2,000,000  cords. 
These  include  those  near  Sing  Sing,  Verplanck,  Peekskill, 
Anthony's  Nose,  Constitution  Island,  and  numerous  smaller 
ones.  The  peat  in  most  of  these  marshes,  where  it  was  ex- 
amined, is  of  inferior  quality,  fibrous,  and  contains  much  earthy 
matter.  That  formed  in  marshes  in  the  interior  of  those  conn- 
ties  is  of  much  better  quality,  and  far  superior  as  an  article  of 
fuel. 

And  later^  in  his  report  for  1839,  he  writes: 

I  would  again  urge  upon  our  farmers  and  other  citizens  the  im- 


^Tbird  Annual  Report  on  Geology  of  First  District,  p.74. 
'J^ourth  Annual  lieport  on  Geology  ot  First  District,  p.216. 
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ortance  of  making  use  of  i>eat  for  fuel  and  manure.  It  is  a 
heap  and  valuable  article  for  fuel;  and,  when  properly  pre- 
ared,  it  also  makes  one  of  the  best  renovators  of  the  soil. 

In  referring  to  the  peaty  areas,  it  seems  best  to  treat  the  State 
in  three  parts,  viz,  southeastern,  northern  and  northeastern,  and 
central  and  western. 

Southeastern  New  York.  Mather  and  Beck  in  their  reports 
published  in  1841  and  1842,  have  given  a  long  list  of  peat-produc- 
ing localities  in  the  southeastern  part  of  the  State,  including 
the  following: 

^  Bound  pond,  in  the  north  part  of  Kinderhook,  contains  2000 
to  3000  cords. 

The  marshes  and  shallows  of  Kinderhook  lake  probably  con- 
tain 20,000  to  30,000  cords. 

A  small  bog  between  this  lake  and  North  Chatham  contains 
perhaps  2  or  3  acres  of  peat. 

In  the  marsh  west  of  the  post  road,  1  mile  north  from  Kinder- 
hook, there  is  said  to  occur  a  considerable  quantity  of  peat. 

The  marsh  belonging  to  Mr  Lucas  Hoes,  1  mile  southwest  ot 
Kinderhook,  near  the  post  road  on  the  east  side,  contains  about 
30  acres,  with  a  mean  depth  of  6  feet. 

Several  other  localities  are  said  to  occur  in  the  valley  of 
Kinderhook  creek,  between  Kinderhook  village  and  Stuyvesant 
town  line. 

A  peat  bog  is  also  said  to  occur  2  miles  northeast  of  Valatie. 

Peat  bogs  occur  in  many  places  in  New  Lebanon,  among  which 
may  be  mentioned  those  on  Mr  Gillett's  and  the  adjoining  farms, 
and  on  Mr  Tilden's. 

Another,  south  of  Mr  Carpenter's,  of  15  acres,  and  3  to  12  feet 
deep. 

Another,  south  of  Fitch  &  Kirby's  store,  owned  by  Mr  Waite, 
of  about  30  acres. 

Peat  occurs  near  the  west  side  of  Canaan  mountain,  around 
Adgate's  pond.  The  aggregate  amount  in  this  township  is  prob- 
ably 400,000  cords. 

Peat  occurs  on  Rowland  Story's  farm,  i  mile  east  of  Lafayette 
Oorners,  in  Milan. 

A  bog  of  i>eat,  of  5  or  6  acres,  with  a  depth  of  5  or  6  feet,  occurs 
a  mile  and  a  half  east  of  Upper  Red  Hook. 

Another  between  Stormville  and  Hopewell. 

Several  bogs  between  Hopewell  and  Fishkill  appear  to  be  peat 
l)og8.    They  contain  probably  an  aggregate  surface  of  40  acres. 

*  Quoted  by  Leavitt  in  Facts  about  Peat,  p.  124. 
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A  peat  bog  of  5  or  6  acres  is  located  about  1^  mi.L\i  froiu 
Storinville,  on  the  road  to  Beekman. 

An  extensive  peat  bog  extends  north  from  Long  pond  down  the 
valley  of  its  outlet. 

A  large  body  of  peat  is  said  to  exist  on  Mr  Legget's  farm  in 
Ghent. 

Peat  probably  exists  in  the  marsh  east  of  Great  Nutten  Hook. 

Extensive  deposits  are  found  a  mile  or  two  west  of  Maiden. 

Two  or  three  small  peat  bogs  occur  in  the  south  part  of  the 
town  of  Ghent.     They  may  contain  10  or  15  acres. 

A  small  marsh  of  ligneous  peat  occurs  about  1^  miles  north 
of  Hillsdale. 

There  is  an  extensive  peat  bog  on  Lawrence  Smith's  and  the 
adjoining  farms  in  Anienia.  Professor  Cassels  reports  it  to 
have  an  area  of  about  150  acres,  containing  probably  150,000 
cords. 

He  also  reports  that  there  is  a  peat  bog  4  miles  northeast 
of  Dover  on  the  east  side  of  the  creek;  another,  1  mile  south 
of  the  above;  another,  1  mile  south  of  the  last  mentioned;  one 
also  2  miles  south  of  Dover;  and  one  8  miles  south  of  Dover. 
These  contain  an  aggregate  of  probably  75,000  cords. 

Extensive  peat  bogs  are  found  east  of  Elbow  mountain,  which 
lies  east  and  northeast  of  Dover.  Thev  are  in  the  vallev 
through  which  the  road  passes  from  Kline  Corners  to  the 
Columbia  furnace  in  Kent.  The  northern  one  is  about  f  mile 
long,  and  200  yards  wide,  with  an  unknown  depth.  Its  depth 
was  measured  in  several  i)laces,  and  it  was  generally  5  feet  deef> 
within  5  rods  of  its  edge.  It  Avas  once  a  lake,  now  filled  with 
peat.  Its  mean  depth  may  probably  be  placed  at  9  feet,  its  area 
at  60  acres,  and  its  contents  at  90,000  cords. 

The  other  bog  south  of  this  probably  contains  40  acres,  with  a 
depth  of  6  feet;  and  its  contents  may  be  estimated  at  40,000 
cords. 

Peat  is  found  abundantly  in  the  vicinity  of  Pine  Plains,  and 
some  of  it  is  of  very  good  quality.  A  small  bog  is  observed  one 
mile  south  of  Pine  Plains.  Cranberry  marsh  and  Cedar  swamp, 
near  Stissing  pond,  are  filled  with  peat.  It  is  rapidly  forming  in 
some  parts  of  Stissing  pond. 

Peat  is  forming  on  Woodward's  farm,  in  Copake.  In  Tagh- 
kanick,  about  a  mile  and  a  half  or  two  miles  west  of  Crystler'* 
pond,  a  peat  bog  of  30  or  40  acres  occurs. 

The  marsh  in  the  valley  of  Stissing  pond  contains  a  great  body 
of  peat;  probably  500  acres  are  underlain  by  it,  2  yards  deep; 
and  its  contents  may  be  estimated  at  500,000  cords. 

In  Clinton,  4  miles  east  of  Union  Corners,  is  a  peat  bog  of 
about  65  acres.  It  is  on  the  land  of  Messrs  Underwood  &  Deni- 
son,  and  contains  about  60,000  cords. 
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Another,  of  nearly  60  acres,  in  the  southeast  part  of  Stanford 
rith  a  depth  of  about  6  feet. 

Bhaw  pond  and  Mud  x>ond,  between  Stanford  and  Washingtoni 
iad  Bound  pond,  in  Washington,  are   filling  up   with  peaty 
aatter. 
A  large  peat  bog  was  observed  near  Patterson,  Putnam  co. 
There  is  said  to  be  a  fine  deposit  of  about  150  acres  east  of 
Sroton,  and  about  4  miles  southeast  from  Somers  Plains. 
Another  Is  in  the  valley  of  the  Hackensack  river,  about  2 
liles  West  of  Nyack,  and  contains  about  50  acres,  with  a  mean 
epth  of  6  feet. 

Professor  Cassels  reports  a  peat  bog  of  40  acres  on  land  of 
ohn  Snediker,  1  mile  southwest  of  Snediker's  Landing,  with 
Q  average  depth  of  6  feet  of  good  peat.  This  peat  bog  has 
een  wrought  for  the  New  York  market. 

It  will  be  seen  from  this  that  swampy  tracts  are  very  abund- 
at.  In  some  of  these  the  material  is  more  peaty  than  in  others, 
it  no  large  areas  of  true  peat  seem  to  exist. 

Attempts  were  made  to  utilize  the  peat  about  30  years  ago  in 
the  region  east  of  Fishkill  village,  it  being  stated  that  the  peat 
was  dredged  from  the  ponds  and  then  spread  out  on  the  shore  to 
dry,  after  which  it  was  cut  up  into  blocks. 

Several  areas  of  muck  still  remain  in  this  region,  but  none  of 
fhem  are  true  peat. 

Orange  county  contains  about  40,000  acres  of  peaty  swamps, 
most  prominent  among  which  are  the  Drowned  Lands,  lying 
west  of  Warwick  and  covering  about  17,000  acres;  the  Greycourt 
meadows,  underlain  by  similar  material,  are  also  very  extensive. 

Horthem  and  northeastern  New  York.  This  includes  the  region 
from  Troy  northward  to  the  Canada  boundary,  and  westward  to 
Lake  Ontario,  and  is  probably  a  good  region  in  which  to  search 
tor  peat,  specially  in  St  Lawrence,  Jefferson  and  Clinton  coun- 
ties. 

In  Washington  county  there  are  according  to  Leavitt  (p.  133) 
several  areas  as  follows:  at  the  south  end  of  Summit  lake  in 
South  Argyle,  50  acres;  on  McNeil's  farm  in  North  Greenwich, 
26  acres;  between  Argyle  and  Hartford,  100  acres;  one  mile 
sontheast  of  Greenwich,  70  acres;  in  Kingsbury  township  on  the 
Qhamplain  canal,  1000  acres. 
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To'the  south  of  Fort  Ann,  in  the  valley  of  the  Hudson  river 
below  Fort  Edward  there  are  extensive  swampy  tracts.  One 
approximates  800  to  1000  acres,  according  to  Mr  W.  H.  Norris, 
and  the  peat  varies  from  12  to  40  inches  in  depth.  It  was  cut 
through  while  the  ship  canal  route  was  being  surveyed  about 
1898.  -  Mr  Norris  thinks  it  runs  SOi  to  40;^  carbon. 

Another  deposit  is  that  known  as  Cedar  swamp,  northeast  of 
Glens  Falls,  and  said  to  contain  300  to  400  acres.  It  varies  in 
depth  from  1  foot  to  20  feet. 

Still  another  of  about  50  acres  lies  3  miles  south  of  Fort  Ann. 

One  of  about  10  acres  is  southwest  of  Glens  Falls.  Another 
is  4  miles  north  of  it. 

Some  of  these,  being  along  streams,  are  covered  during 
periods  of  overflow,  and  much  mineral  matter  becomes  mixed  in 
with  the  organic  accumulations. 

Mr  F.  W.  Wait,  of  Glens  Falls,  states  that  some  20  years  ago 
the  Albany  Peat  Works  established  a  plant,  and  operated  it 
for  some  years  in  the  swamp  between  Glens  Falls  and  French 
Mountain,  on  the  road  leading  to  Lake  George.  Work  was 
abandoned  after  a  time,  however. 

About  10  years  before  this.  Judge  E.  H.  Rosecrans  produced 
peat  from  what  is  known  as  Bosecrans  swamp,  northeast  of 
Glens  Falls,  but  this  likewise  was  discontinued. 

Much  lake-filling  is  in  progress  in  Essex  county,  producing 
many  swampy  meadows,  which  may  yield  impure  peat. 

Thus  a  long  swampy  tract  extends  from  Hammond  pond,  in 
North  Hudson  township,  to  Overshot  and  Dudley  ponds  in 
Crown  Point  township;  another  one  is  in  the  valley  of  Desolate 
brook  in  the  southeast  corner  of  Essex  county.  *  A  considerable 
chain  of  swamps  is  also  seen  in  Minerva  township. 

In  Clinton  county  there  are  numerous  swampy  tracts,  none 
of  them  of  great  extent  however.  Mather  states  that  large 
quantities  exist  in  the  western  part  of  Champlain  township. 

On  the  topographic  sheets  a  number  of  swampy  tracts  are 
indicated  thus :  north  of  Plattsburg  along  Dead  creek,  and  south 
of  Woodruff  pond  along  the  Delaware  and  Hudson  railroad, 
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miles  north  of  East  Beekmantown,  and  northward  toward 
hamplain.  Within  a  radius  of  3  miles  from  the  village  of 
oores,  specially  to  the  north,  there  are  many  swampy  tracts, 
it,  while  some  are  covered  with  a  growth  of  moss,  and  others 
ilized  for  cranberries,  still  little  or  no  peat  occurs  so  far  as 
uld  be  ascertained.  Southwest  of  Scioto  in  Chazy  township 
another  extensive  swampy  tract. 

Peat  is  also  said  to  occur  in  the  "Great  marsh"  in  Duane,  Bel- 
mt  and  Malone  townships.  Near  Duane  on  lot  51,  township 
,  is  said  to  be  an  area  of  15  acres  of  peat. 

In  the  Northeastern  corner  of  Franklin  countv,  the  Saranac 
river  is  bordered  by  swampy  meadows,  and  others  occur  in  that 
jricinity. 

Along  the  line  of  the  New  York  Central  Railroad,  Adirondack 
branch,  there  are  many  vlies,  notably  south  of  Horseshoe,  and 
ilso  along  the  north  branch  of  Moose  river.  Some  of  these  show 
>eaty  matter,  but  are  often  of  little  thickness,  being  underlain 
it  no  great  depth  by  sand. 

Many  small  swamps  are  found  in  Herkimer  county,  as  along 
liime  Kiln  creek. 

Along  Lake  Ontario,  between  Caldwell  hill  and  North  land- 
Qg,  Jefferson  co.  is  a  large  marsh,  and  many  of  the  landlocked 
ays  on  the  same  shore,  as  near  Selkirk,  Oswego  co.  are  filling 
p,  but  it  seems  doubtful  whether  they  will  in  time  yield  even 
npure  peat. 

Many  boggy  areas  exist  in  St  Lawrence,  Jefferson  and  Lewis 

mnties,  but  none  have  been  utilized  to  any  extent,  except  for 

irming.     An  area  of  100  to  150  acres  in  extent  is  located  about 

.J  miles  from  Natural  Bridge;  another  of  about  75  acres  occurs 

lear  Antwerp. 

Lake-filling  is  going  on  at  many  points  in  the  Adirondack 
•egion;^  and  yet  very  little  peat  seems  to  have  been  formed,  for 
he  streams  flowing  into  the  lakes  often  carry  much  sediment, 
md  plants  other  than  mosses  usually  fill  up  the  lake. 


^fifee  Smyth,  C.  H.  jr.  American  Geolo^st.     1893.     11:85. 
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An  analysis  made  by  the  writer  of  a  peat  sample  from  the 
property  of  Charles  Doty  near  Ilion  gave: 

Moisture 19 

Volatile  hydrocarbons 62. ^ 

Fixed  carbon 6 

Ash 11.8 

99.4 

Central  and  western  New  York.  This  area  includes  several  large 
swamps,  which  are  however  either  underlain  by  peat  or  covered 
with  a  thick  growth  of  cattails  and  grasses. 

The  production  of  good  peat  in  areas  of  the  last  type  is  inter- 
fered with  from  two  causes.  In  the  first  place,  the  water  level 
does  not  remain  constant,  thereby  interfering  with  the  con- 
tinued accumulation  and  decay  of  vegetable  matter  out  of  con- 
tact with  the  air.  Secondly,  the  fact  that  these  swamps  are 
traversed  by  streams  insures  the  deposition  of  much  mud  with 
the  vegetable  matter. 

The  largest  swamp  area  in  this  district  is  the  Montezuma 
marshes,  located  at  the  north  end  of  Cayuga  lake.  These  cover 
an  area  about  8  miles  long  and  3  miles  wide,  which  is  filled  in 
most  places  by  a  thick  growth  of  cattails  and  aquatic  weeds^ 

■ 

while  setting  through  it  is  a  rather  rapid  current  bearing  much 
sediment  in  suspension,  a  large  amount  of  which  becomes  en- 
tangled in  the  plant  stems.  Some  day  when  the  marsh  becomes 
filled^  the  land  thus  formed  will  be  valuable  for  farming  pur- 
poses, but  it  is  of  no  value  as  a  source  of  peat. 

The  formation  of  lakes  in  a  drift-covered  region  is  well  seen 
in  the  drumlin  area  of  north  Cayuga  county  in  the  region  around 
Fairhaven,  for  the  interspaces  between  the  hills  are  liberally 
dotted  with  ponds  showing  all  stages  of  filling  by  vegetable 
growth.  This  same  region  extends  westward  into  Wayne 
county  and  eastward  into  Oswego  county.  In  the  latter,  addi- 
tional marshy  tracts  are  found  northeast  of  Hannibal  as  well 
as  in  the  valley  of  Mud  pond,  north  of  North  Hannibal. 

An  area  similar  to  the  Montezuma  marshes  is  that  known  as 
Oak  Orchard  swamp,  which  about  fills  a  quadrangle  whose  cor- 
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aers  are  marked  by  Albion  and  Holley  on  the  north  and  Byron 
md  East  Oakfield  on  the  south,  and  continues  westward  to  a 
3oint  about  4  miles  north  of  Akron.  The  towns  of  West  Albania, 
Jenesee  co.  and  Edw^ards,  Orleans  co.  are  situated  on  the 
lorthern  edge  of  this  w^estward  extension. 

Another  exists  along  Black  creek  northeast  of  Byron^  and 
also  southwest  of  Shelby  in  Orleans  county. 

Many  peat  swamps  exist  along  the  line  of  the  New  York 
•Central  Railroad,  between  Amboy  and  Jordan.  These  are  some- 
times underlain  by  marl,  or  the  latter  may  be  interbedded  with 
the  peat. 

A  sample  of  the  latter  from  the  swamp  of  the  Empire  Port- 
land Cement  Co.  was  analyzed  by  the  writer  with  the  following 
results. 

Moisture 55 . 5 

Volatile  hydrocarbons 24.02 

Fixed  carbons .1 

Ash  20.2 

99.82 
The  ash  of  this  material  was  quite  calcareous. 

At  Warners  streaks  of  peat  are  found  in  the  swamp  with  the 
marl  and  clay  which  is  used  in  the  manufacture  of  Portland 
-cement.  The  peat  forms  streaks  which  run  from  3  to  G  feet  in 
4epth.  Often  there  is  a  bed  2  to  4  feet  thick  between  the  marl 
and  the  clay. 

One  of  the  largest  drained  swamps  in  the  Stfite  is  that  known 
as  Cicero  swamp  in  Cicero  township,  and  located  in  part  along 
Mud  creek.  The  swamp  contains  two  parts,  the  main  one  lying 
east  of  North  Syracuse  and  the  lesser  half  located  northwest- 
ward of  the  latter  place.  The  larger  half  is  about  4  miles  long 
and  2  to  3  miles  from  north  to  south,  while  the  smaller  half  is 
about  4  miles  long  and  ^  to  1  mile  broad,  extending  along  the 
Talley  of  Mud  creek. 

The  surface  is  now  underlain  by  a  black  muck  soil,  which  is 
-extensively  cultivated,  while  the  depth  of  the  peat  is  as  much 
as  30  feet  in  places.    It  is  said  that  attempts  were  made  many 
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years  ago  to  dig  this  peat  and  use  it  as  fuel.  In  placea 
much  moss  covers  the  surface  in  the  eastern  swamp,  and  has 
been  gathered  by  florists  for  packing  plants. 

Again,  north  and  northeast  of  Canastota  is  an  extensive  tract 
known  as  Cowaselon  swamp,  which  has  been  drained  by  the 
construction  of  the  Douglass  ditch.  This  affords  an  excellent 
section  of  the  material  underlying  the  surface  and  shows  much 
muck  underlain  by  marl  of  variable  thickness.  The  area  is  in 
places  covered  by  a  thick  tree  growth  so  that  the  muck  contains 
many  fragments  of  decaying  wood.  The  soil  is  extensively  culti* 
vated  for  onions. 

Many  marshy  tracts  are  found  along  the  shores  of  Oneida 
lake.  Among  these  may  be  mentioned  the  following  localities: 
west  of  South  B^,  on  the  land  of  D.  Pack;  on  the  north  side  of 
Oneida  lake  around  Toad  harbor;  at  the  eastern  end  of  the  lake,, 
north  and  south  of  Svlvan  Beach. 

The  foregoing  localities  have  been  mentioned  chiefly  for  the 
purpose  of  pointing  out  the  more  important  areas  in  which 
marshes  and  bogs  exist,  and  something  of  the  character  of  the 
material  found  in  them,  but  not  because  they  are  all  supposed 
to  contain  peat. 

There  is  a  peat  bed  on  the  farm  of  Heman  Glass,  on  the  Ridge 
road,  i  mile  west  of  Lake  avenue,  near  Rochester,  covering  about 
30  acres.     The  peat  and  muck  are  2  to  4  feet  deep.    Three 

■ 

miles  west  of  this  is  another  small  peat  swamp,  while  a  larger 
one  is  in  the  town  of  Gates  about  4  miles  west  of  the  city. 

Mr  D.  L.  Mott,  of  Utica,  states  that  in  the  town  of  Sanger- 
field  there  is  a  tract  known  as  the  "  Nine  mile  swamp."  The 
material  is  quite  deep,  but  is  probably  not  all  peat. 

According  to  Mr  W.  S.  Valiant  of  Rutgers  College,  many  small 
bogs  occur  in  the  town  of  Rome. 

One  of  the  best  deposits  is  that  known  as  the  Rome  swamp^ 
which  shows  the  following  section: 

Swamp  muck,  3  to  5  feet 

Peat,  3  to  6  feet 

Moss  peat,  8  to  12  inches 

Shell  marl  2  to  4  inches 


BBPORT  OF  THE  DIRBCTOB  AND  STATB  OEOLOOIST  1901        r89 

Lake  mud,  1  to  2  feet 

Coarse  and  fine  gravel,  1  to  3  feet 

Hard  pan,  18  to  20  feet 

These  bog  deposits  range  from  1  or  2  to  40  feet  in  thickness. 

Some  of  the  muck  has  been  used  as  a  compost  and  has  greatly 
mproved  the  character  of  sandy  soils  in  that  vicinity. 

Attempts  were  made  at  Rome  some  years  ago  to  manufacture 
peat  fuel  from  the  bog  deposits,  but  the  factory  burned  up  and 
was  never  rebuilt. 

One  mile  south  of  Rochester  Junction  is  a  deposit  of  peat  on 
the  land  of  W.  A.  Keyes. 

There  are  several  deposits  of  peat,  or  muck,  on  the  farm  of 
William  Newton,  near  Henrietta,  Monroe  co.  In  some  the 
depth  is  over  12  feet.  They  are  used  in  most  cases  for  raising 
celery  and  onions.  Mr  Newton  states  that  50  years  ago  the 
material  was  rotten  wood,  leaves  and  other  vegetable  matter, 
which  was  not  decomposed  enough  to  have  the  appearance  of 
soil. 

Extensive  marshes  exist  near  Mendon  pond  3  to  4  milies  from 
here.  Some  of  these  are  getting  quite  solid  in  places,  and  in 
other  places  there  appears  to  be  a  thick  turf  covering  the  water 
of  tjhe  pond.  On  the  farm  of  H.  O.  Dikeman  of  this  town  there 
are  also  several  swamps.  In  one  the  section  beginning  at  the 
top  showa: 

Soil  4  feet 

Mosses  and  ferns  1^  feet 

Leaves,  twigs,  rotten  wood  3  feet 

Peat  4  feet 

Shell  layer  "    ' 

Mr  E.  P.  Clapp  of  North  Rush,  states  that  in  the  town  of  Bush 

there  is  one  bed  of  several  acres,  but  it  lies  in  an  old  drainage 

channel. 
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MOLDING   SAND:   ITS   USES,   PROPERTIES   AND 

OCCURRENCE 

BY  EDWIN  C.  ECKEL 

In  the  preparation  of  the  following  paper,  free  use  has  been 
made  of  such  published  sources  of  information  as  were  avail- 
able, the  more  important  of  the  books  and  papers  consulted 
being  listed  at  the  close  of  this  paper.  In  addition  to  these 
published  discussions  of  the  subject,  Dr  F.  J.  H.  Merrill  has 
placed  at  the  disposal  of  the  writer  the  material  accumulated 
by  Mr  J.  N.  Nevius  while  assistant  in  the  State  Museum.  Mr 
Nevius's  notes  relate  almost  entirely  to  the  local  details  of  the 
deposits  in  Albany  county  and  have  been  of  great  service  to 
the  present  writer. 

The  uses  of  molding  sands 

Molding  sands  or  closely  similar  materials  are  employed  in 
making  castings  when  metallic  molds  are  not  used.  The  spaces 
to  be  filled  by  the  castings  are  formed  usually  by  pressing  a 
pattern  into  the  molding  material,  removing  the  pattern  as  soon 
as  the  proper  imprint  has  been  made  in  the  sand.  The  pattern 
is  usually  made  of  wood  and  must  be  an  exact  counterpart  of 
the  casting  which  is  to  be  made.  In  case  the  casting  is  to  have 
recesses,  or  holes,  such  spaces  must  be  provided  for  by  putting 
suitable  cores  in  the  molds.  The  cores  are  commonly  made  of 
clayey  sand  or  loam.  Short  cores  can  be  made  from  rock  sand, 
the  material  resulting  from  the  decay  of  rock  in  place;  but 
longer  cores  require  the  addition  of  seashore  sand  in  order  to 
secure  sufficient  porosity.  Occasionally  patterns  are  dispensed 
with,  the  workman  forming  the  mold  in  the  sand  either  by  hand 
or  by  the  use  of  mechanical  contrivances.  Commonly  the  mold- 
ing material  is  held  in  two  boxes,  clamped  together  when  in  use, 
about  half  the  mold  being  in  each  box.  In  this  case,  as  the  top 
box  must  be  removed  temporarily  in  order  to  take  out  the 
wooden  pattern,  a  layer  of  "  parting  sand  "  is  dusted  over  the 
top  of  the  molding  material  held  in  the  lower  box.    This  so  called 
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parting  "  sand  "  is  usually  dry  brick  dust,  dry  powdered  cinders 
or  some  similar  dry  and  fine  material. 

In  some  of  the  commoner  classes  of  work,  where  a  smooth  sur- 
faced casting  is  not  required,  the  above  operations  are  all  that 
are  necessary  to  prepare  the  mold.  In  finer  work,  however,  after 
the  mold  has  been  made,  its  surface  is  dusted  with  oak  charcoal 
dust  or  with  finely  powdered  coal.  When  the  molten  metal  is 
poured  in,  these  materials  will  ignite,  causing  a  thin  layer  of  gas 
to  form  between  the  metal  and  the  sand.  This  results  in  giving 
a  smooth  surface  to  the  casting,  as  it  prevents  the  metal  from 
entering  the  minute  interstices  between  the  sand  grains.  Of  the 
two  materials  above  noted  as  being  used  for  this  purpose,  char- 
coal is  commonly  employed  for  light  castings,  being  dusted  over 
the  mold  as  described.  In  heavier  work,  coal  is  used,  and  is 
often  not  only  dusted  over  the  mold  but  also  mixed  with  the 
sand  before  the  mold  is  prepared. 

In  English  foundry  practice,  and  in  practice  on  the  continent 
of  Europe,  artificial  molding  sands  are  often  employed,  and  such 
natural  sands  as  are  available  often  require  mechanical  treat- 
ment before  being  fit  for  use.  The  New  York  deposits,  however, 
yield  a  high  grade  of  natural  molding  sand,  and  such  different 
degrees  of  fineness  can  be  obtained  from  these  sand  beds  that 
little  or  no  artificially  prepared  sand  is  used  in  this  country. 

Bequisite  properties  of  molding  sand 

The  principal  properties  which  should  be  possessed  by  a  sand 
to  be  of  service  as  a  molding  sand,  are  refractoriness,  porosity, 
tenacity  and  fineness.  As  will  be  seen  later,  several  of  these 
properties  are,  to  a  certain  extent,  incompatible.  For  example, 
a  highly  refractory  sand  can  not  well  be  a  sand  possessing  a 
very  good  bond.  In  such  cases  the  particular  use  to  which  the 
sand  is  to  be  put  will  determine  which  of  the  properties  is  the 
more  important. 

Kefractoriness.  The  refractoriness  of  a  sand  depends  largely 
on  the  amount  of  silica  it  contains,  being  greatest  in  the  sands 
highest  in  silica.  The  presence  of  any  considerable  amount  of 
lime  or  alkalis,  on  the  other  hand,  decreases  the  refractoriness 
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of  the  sand.  Clay,  though  refractory  enough  as  a  constituent 
of  a  molding  sand,  bakes  at  a  high  temperature,  and  therefore 
tends  to  cause  both  shrinkage  and  loss  of  porosity. 

No  analyses  of  American  molding  sands  are  available  for 
insertion  in  this  paper.  The  analyses  following  will  suffice  to 
give  the  reader  a  good  idea  of  the  composition  of  standard  for- 
eign molding  sands.  Of  the  12  analyses  given,  numbers  1,  2,  3^ 
6  and  12  are  to  be  found  in  Percy's  Metallurgy,  1:152-54;  while  . 
the  remaining  seven  analyses  are  quoted  in  Crook  &  Rohrig'ft 
Pracftical  Treatise  on  Metallurgy,  2:627.  The  analyses  have,  in 
the  following  table,  been  arranged  in  the  order  of  their  content 

of  silica. 

Analyses  of  molding  sands 


SiOs 

AI2O3 

1 

92.913 

5.85 

2 

92.083 

5.415 

3 

91.907 

5.683 

4 

91.61 

2.11 

5 

90.625 

6.667 

6' 

90.25 

4.1 

7 

88 

2.78 

8 

87.6 

7.7 

9 

86.68 

9.23 

10 

83-77 

8.2-7.7 

11 

79.02 

13.72 

12 

67.6 

17.64 

Fe203 


1.249 
2.498 
2.177 
2.53 
2.708 
5.51 
3.77 
3.6 
3.42 
4-2.8 
2.4 
a  1.6 


CaO 


tr. 

tr. 
.415 

tr. 

tr. 
.23 
.73 
.96 
.96 


.86 


MgO 


.73-.38 
.71 
1.41 


K2O 


Na20 


5.78  to  3.17 

4.58 
3.69  .14 


a  FeO    2.3 

1  From  Manchester,  England.    Analyzed  by  Kumpmann 

2  From  the  foundry  of  Freund  at  Charlottenburg 

3  Employed  for  bronzes  at  Paris,  France 

4  Employed  at  Rothehutto.     Analyzed  by  Streng 

5  From  the  establishment  of  Lagua  near  Stromberg 

6  From  Lunenburg.     Analyzed  by  Sauerwein 

7  From  Konigshutte.     Analyzed  by  Bierworth 

8  From  Birmingham,  England.     Analyzed  by  Sauerwein 

9  From  Sheffield,  England.    Analyzed  by  Sauerwein 

10  From  Naples,  Italy.     Analyzed  by  Jwanow 

11  Employed  at  Ilsenberg.  This  sand  is  an  artificial  mixture^ 
and  is  said  to  "  consist  of  three  different  kinds  of  material., 
namely — common  argillaceous  sand,  sand  found  in  alluvial  de- 
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posits,  and  sand  from  solid  sandstone.  As  the  first  two  contain 
clay,  they  are  carefully  heated  to  dehydrate  the  clay.  The  sand- 
stone is  crushed  under  a  hammer,  and  mixed  with  an  equal 
weight  of  each  of  the  other  two  kinds  of  sand.  The  mixture 
is  ground  by  iron  balls  in  a  revolving  drum,  and  afterward 
passed  through  a  flannel-lined  cylinder,  which  moves  up  and 
down;  it  is  thus  obtained  in  the  state  of  the  finest  flour,  which 
in  molding  may  be  made  to  receive  the  most  delicate  impres- 
sions."   Analyzed  by  J.  Spiller 

12  Employed  in  Japan.     Analyzed  by  W.  J.  Ward 

Porosity.  The  pore  spaces  between  the  grains  of  sand  must 
be  large  enough,  and  numerous  enough,  to  permit  the  free  pass- 
age of  air,  and  of  such  gases  as  may  be  formed  during  the  oper- 
ation of  casting.  At  the  same  time,  the  pores  should  not  be 
so  large  as  to  permit  any  of  the  molten  metal  to  enter  the  sand. 

The  porosity  of  a  sand  will  depend  largely  on  the  size  of  its 
constituent  grains,  and  on  the  relative  proportions  of  the  var- 
ious sizes.  Porosity  will  also  be  dependent  on  the  amount  and 
character  of  the  material  which  gives  the  sand  its  bond.  A 
molding  sand  whose  bond,  in  the  natural  state,  is  dependent 
partly  on  the  presence  of  organic  matter  will  become  more 
porous  on  firing;  while  a  sand  held  together  by  clayey  mater iaj 
will  tend  to  become  less  porous  at  high  temperature,  owing  to 
the  baking  of  the  clay. 

Fineness.  The  fineness  necessary  in  the  sand  depends  largely 
on  the  character  of  the  work  for  which  it  is  to  be  used.  Mold- 
ing sands  are  roughly  graded  at  the  point  of  production,  but 
most  foundries  require  much  more  careful  grading  than  this. 
Certain  plants  issue  regular  specifications  to  cover  this  point, 
and  buy  only  such  sands  as  have  been  graded  for  fineness  to 
meet  such  specification. 

Tenacity.  The  tenacity,  or  ^^  bond,-'  of  a  sand  is  an  important 
quality,  as  on  it  depends  the  capacity  of  the  sand,  both  to  take 
the  shape  of  the  pattern  properly,  and  to  retain  this  shape 
despite  the  weight  of  the  metal  poured  into  it.  The  bond  of  a 
sand  is  usually  due  to  the  presence  either  of  organic  matter, 
or  of  clay.    Organic  matter,  while  an  excellent  bond  for  an 
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unbtirned  eand^  burns  out  at  a  comparatively  low  temperature^ 
and  is  therefore  of  no  service  to  a  molding  sand.  Clay  gives. an 
excellent  bond,  but,  if  present  in  quantity,  it  tends  to  reduce  the 
porosity  of  the  sand,  as  has  been  noted  above. 

Occurrence  of  molding  sands 

In  New  York  State  the  largest  and  best  known  deposits  of 
molding  sand  are  those  which  occur  in  Albany  county-  and  in 
the  adjoining  parts  of  the  Hudson  river  valley.  There,  depositis 
contain  sands  of  various  degrees  df  fineness,  and  furnish  a  large 
part  of  the  maiding  sand  used  in  the  eastern  United  States. 

The  molding  sand  occurs  in  thin  beds,  overlain  by  soil  and 
underlain  by  clay.  In  some  places  the  covering  of  soil  has  been 
removed  by  the  actio©  of  streams,  leaving  the  molding  sand 
exposed  at  the  surface  of  the  ground.  When  thus  exposed  to 
the  atmosphere,  the  molding  sand  can  be  readily  distinguished 
from  common  sand.  In  a  strong  wind  the  ordinary  sand  is 
blown  about  readily,  while  the  molding  «and,  owing  to  its  con- 
tained clay,  remains  unmoved.  The  sides  of  a  road-cut  in  com- 
mon sand  will  fall  in  till  the  angle  of  repose  of  the  sand  has 
been  reached,  while  a  cut  in  molding  sand  will  remain  with 
walls  vertical,  or  nearly  so,  for  some  time. 

Occasionally  the  molding  sand  is  dug  and  marketed  by  the 
owners  of  the  land  on  which  it  occurs.  Usually,  however,  it  is 
taken  out  by  dealers,  who  either  pay  a  certain  royalty  for  each 
ton  of  sand  excavated,  or  pay  a  fixed  sum  for  all  the  sand  that 
can  be  obtained  in  a  given  area. 

The  handling  of  the  material  is  simple,  as  the  stripping  is  usu- 
ally thin,  while  the  molding  sand  is  readily  excavated. 

Dr  G.  P.  Merrill  has  examined  samples  of  Albany  county 
molding  sand  under  the  microscope;  and  states^  that  "the  Sel- 
kirk molding  sand  is  of  a  yellow  brown  color,  showing  under 
the  microscope  angular  and  irregular  rounded  particles  rarely 
more  than  .25mm  in  diameter,  interspersed  with  finely  pulver- 
ulent matter  which  can  only  be  designated  as  clay.  The  yellow 
brown  color  of  the  sand  is  due  to  the  thin  film  of  iron  oxid  which 

*U.  S.  Nait.  Mus.  Bep't  for  1899,  p.476-77. 
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coats  the  larger  granules.  When  this  film  is  removed  by  treat- 
ment with  dilute  hydrochloric  acid,  the  constituent  materials  are 
readily  recognized  as  consisting  mainly  of  quartz  and  feldspar 
fragments  (both  orthoclase  and  a  plagioclase  variety),  occasional 
granules  of  magnetic  iron  oxid,  and  irregularly  outlined  scalea 
of  kaolin,  together  with  dustlike  material  too  finely  comminuted 
for  accurate  determination.  Many  of  the  larger  granules  are 
white  and  opaque,  being  presumably  feldspar  in  transition 
stages  toward  kaolin.  An  occasional  flake  of  hornblende  is 
present." 

In  Ohio  the  Albany  molding  sand  is  being  gradually  displaced 
in  the  trade  by  local  sands.  The  principal  points  in  Ohio  at 
which  molding  sands  are  obtained  are  Zanesville,  Sandusky, 
Hamilton,  New  Lexington,  Vincent  and  Rushville. 

Somewhat  farther  west,  the  molding  sands  chiefly  used  are 
obtained  in  the  neighborhood  of  Indianapolis,  Centerton,  Delhi, 
St  Joseph  and  St  Louis.  Large  quantities  are  mined  near 
the  Fox  river  in  Illinois,  at  McHenry,  Gary,  Batavia,  and  Wed- 
ron.  These  are  all  fine  grained  sands  and  are  used  for  the 
smaller  iron  or  brass  castings. 

A  coarse  sand  used  for  large  castings  is  obtained  in  the  vicin- 
ity of  Brazil  Ind.  Other  good  sands  suitable  for  heavy  work, 
are  obtained  near  Valparaiso  and  McCove  Ind.  and  Racine,  Mil- 
waukee, Kenosha  and  Beloit  Wis. 
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Peat,  uses  of  and  its  occurrence  in 
New  York  by  Heinrich  Ries,  rl5- 
16,  r53-90;  agricultural  uses,  r77; 
analyses,  r58,  r60,  r61;  bibliog- 
raphy, r89-90;  chemical  composi- 
tion of,  r63-64;  deposits,  where 
found,  r65;  distillation,  r7G;  used 
as  a  fertilizer,  r77-78;  heating 
power,  r67-G9;  mineral  matter  in, 
reO;  mining  of,  r66;  moss  lit  tor, 
r72;  in  New  York  State,  r79-81); 
origin  and  nature,  r55-62;  pressed, 
r69-71;  uses  of,  r66-78;  manufac- 
turing artificial  wood  from,  rTG 

Peat  charcoal,  r77 

Peat  coal,  r71 

Pebbles,  sand-blasted,  rl4 

Percy,  J.,  cited,  rG5,  r96 

Perth  Amboy,  former  water  level 
near,  rlO 

Physical  geography,  hypsometric 
map,  r6 

Pleistocene  deposits,  r9-15 

Porphyritic  rock,  r7 

Pre-Cambrian  formations,  rG-9 

Pre-Iroquois  channels  botwc(»n 
Syracuse  and  Rome,  r31-47 

Pressed  peat,  r<59-71 

Putnam  county,  work  in,  r8 

Bias,  Heinrich,  report  on  lime  and 
cement  industries,  rlG;  uses  of 
peat  and  its  occurrence  in  New 
York,  rl5-16,  r53-90 

Road  metal,  in  Ilerkimer  county,  r7 

Rohrig,  E.,  cited,  rOG 

Rome  and  Oneida,  channels  be- 
tween, rl4,  r43-46 

Rosecrans,  E.  II.,  mentioned,  r84 

Roslyn,  glacially  tranai)orted  Ik)u1(1- 
ers  near,  rll 

Roth,  J.,  cited,  r90 

Sand  plains,  indexes  of  levels.  rlO 

Saranac,  delta  of,  rl4 

Saratoga  quadrangle,  rll;  pleisto- 
cene deposits,  rO 

SchOndeling,  cited,  r90 

Schuylerville,  discovery  of  trap 
rock  near,  rl3,  rl7-29 


Schuylerville  quadrangle,  rll;  pleis- 
tocene deposits,  r9 

Senft,  F.,  cited,  r90 

Seyfert,  A.  G.,  cited,  r90 

Shaler,  N.  S.,  cited,  rOO 

Sherzer,  W.  H.,  cited,  r90 

Smytli,  C.  II.  jr,  cited,  r27,  r5G,  r85 

Starli's  Knob,  geologic  relations,  rl7- 
24;  petrography  and  age,  r24-29 

Staten  Island  quadrangle,  r6 

Syenites,  r7 

Syracuse,  channels  at,  r38-40 

Syracuse  and  Oneida,  channels  be- 
tween, r40-43 

Tappan,  former  water  level,  rll 
Taylor,  F.  B.,  iK'aches  in  I^rfike  Brie 

Basin  traced  by,  rl4 
Thurston,  cited,  rG9 
ToiK)graphic  sheets,  rl4 
I'rap,  rl3,  rl7-29 
Tupper  lake  region,  work  in,  r7 

United    States    Geological    Survey, 

cooperation  with,  r8 
lire,  cited,  r77 

Valiant,  W.  S.,  mentioned,  r88 
Van  Ilise,    C.    R.,    field   conference 

witli  state  geologist,  r8 
Vaiiuxeni,  Lardnor,  cited,  r80 
Vermeule,  C.  C,  hypsometric  map, 

rG 

Wait,  F.  W.,  cited,  r84 

Water  levels,  rl5 

Wave  action,  upi>er  limit,  fixing  of, 
rl3 

Websky,  cited,  r59 

Westchester  county,  investigations, 
r9 

White,  cited,  r90 

Winchell,  N.  II.,  cited,  i-OO 

Woodworth,  J.  B.,  investigations, 
1-9;  cited,  rll,  r2G,  r28.  r29;  North- 
umberland volcanic  plug,  rl7-24; 
mentioned,  r24 

Zirkel,  cited,  r90 
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MUSEUM  PUBLICATIONS 

Any  of  the  University  publications  will  be  sold  in  lots  of  lo  or  more  at 
209^  discount.  When  sale  copies  are  exhausted,  the  price  for  the  few  reserve 
copies  is  advanced  to  that  charged  by  second-hand  booksellers  to  limit  their 
distribution  to  cases  of  special  need.     Such  prices  are  inclosed  in  brackets; 

All  publications  are  in  paper  covers,  unless  binding  is  specified. 

Museum  annual  reports  i847-(latc.  All  in  print  to  1892,  50c  a  volume,  75c  in 
cloth;  1892-datc,  75c,  cloth. 

These  reports  are  made  up  of  the  reports  of  the  director,  jjeolo^ist,  paleontologist,  botanist  and 
entomologist,  and  museum  bulletins  and  memoirs,  issued  as  advance  sections  of  the  reports.  . 

Geologist's  annual  reports  1881-date.     Rcp'ts  i,  3-13,  17-date,  O;  2,  14-16,  Q. 

The  annual  reports  of  the  early  natural  history  survey,  18^7-41  are  out  of  print. 

Reports  1-4,  1881-84  were  published  only  in  separate  form.  Of  the  5th  report  4  pages  were 
reprinted  in  the  3Qth  museum  report,  and  a  supplement  lo  the  6th  report  was  included  in  the  40th 
museum  report.  The  7th  and  subsequent  reports  are  included  in  the  41st  and  following  museum 
reports,  except  that  certain  lithographic  plates  in  the  nth  report  (1891)  and  13th  (1893)  are  omitted 
from  the  45th  and  47th  museum  reports. 

Separate  volumes  of  the  following  only  are  available. 

Report  Price  Report         Price  Report         Price 

12(1892)  $50  16  $1  19  $.40 

14  .75  17  .75  20  .50 

15  I  18  .75  21  ,40 

In  i8q8  the  paleontologic  work  of  the  State  was  made  distinct  from  the  geologic  and  will  here- 
after be  reported  separately. 

Paleontologist's  annual  reports  1899-date. 

See  fourth  note  under  Geologist's  annual  reports. 

Bound  also  with  museum  reports  of  which  they  form  a  part.  Reports  for  1899  and  1900  may  be 
had  for  20c  each.     Since  1901  these  reports  have  been  issued  as  bulletins. 

Botanist's  annual  reports  1869-date. 

Bound  also  with  museum  reports  21-date  of  which  they  form  a  part ;  the  first  botanist's  report 
appeared  in  the  21st  museum  report  and  is  numbered  21.  Reports  21-24,  29,  31-41  were  not  pub- 
lished separately. 

Separate  reports  '?5-28,  30,  42-^0  and  52  (Museum  bulletin  25),  are  out  of  print.  Report  51  may 
be  had  for  40c  ;  53  for  20c  ;  =4  for  50c  ;  55  (Museum  bulletin  54)  for  40c.  Beginning  with  iqoi  these 
reports  will  be  issued  as  bulletins. 

Descriptions  and  illustrations  of  edible,  poisonous  and  unwholesome  fungi  of  New  York  have 
been  published  in  volumes  1  and  3  of  the  48th  museum  report  and  in  volume  i  of  the  49th,  sist, 
52d,  54th  and  55th  reports  The  descriptions  and  illustrations  of  edible  and  unwholesome  species 
contained  in  the  4Qth,  51st  and  52d  reports  have  been  revised  and  rearranged,  and  combined  with 
others  more  recently  prepared  and  constitute  Museum  memoir  4. 

Entomologist's  annual  reports  on  the  injurious  and  other  insects  of  the 
State  of  New  York  1882-date. 

Reports  3-17  bound  also  with  museum  reports  40-46,  48-';5  of  which  they  form  a  part.  Beginning 
with  1898  these  reports  have  been  issued  as  bulletins.  Reports  3-4  are  out  of  prmt,  other  reports 
with  prices  are : 

Price 

■25 

•35 
•25 

•25 

Reports  2,  8-12  may  also  be  obtained  bound  separately  in  cloth  at  25c  in  addition  to  the  price 
given  above. 

Museum  bulletins  1887-date.  O.  To  advance  subscribers,  $2  a  year  or  50c 
a  year  for  those  of  any  one  division:  (i)  geology,  including  economic  geology, 
general  zoology,  archeology  and  mineralogy,  (2)  paleontology,  (3)  botany, 
(4)  entomology. 

Bulletins  are  also  found  with  the  annual  reports  of  the  museum  as  follows: 

Btclletins        Report  Btilietins        Report  Bulletins        Report 

12-15       48,  V.  T  20-25       52,  v.  I  3c;-^6       54,  V.  2 

16-17       50    "  26-31       53    "  37-44       "  V.  3 

18-19      51   "  32-34      54   "  45-48      "  V.  4 

The  letter  and  figure  in  parenthesis  after  the  bulletin  number  indicate  the  division  and  scries 
number.  G-geology,  EG  =  economic  geology,  Z= general  zoology,  A=archeology,  M=miner- 
alogy,  P=  paleontology,   B=botany,  E=entomology,  Misc=miscellaneous. 
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64)  In  press 

-^  New  York  State  Museum     ^^^^  ^^^^^^^^^^ .__ 

JetaUe  an^  f '^.l  "o""'  of  *e  State.    lt»»  «      ^,j,„y  i„„,u,e 
vegetable  and  aran."  LeBislato™  '»  ""'V,,  citv  atid  >»•»»'> 

and  m  .835  "J  f -Xences  the  Legaa<»'=  o'  .SjS  P  ,^^ .. ,  „„ 

( nese  and  other  •°8»™'"       ,„  „port  to  >t'at  1>J«1?  » J       ,    ,isc  smd 

,„n..ocu""8a«df'- jHon.Job"  *;f  "^'pTopo.i.S  a  plan  to  « 
P„,s«anl  to  '»""J  .  of  iSjS.  a  »=P°"  '    •,  ,,,e  State.    This 

presented  to  the  Le^^^J  „,  „„,„^c  -'r^"'.  l„d  the  govejor 
cotnplet.  Seff  ■";*,;.  L.gislat"t=  then  >"';^%„,  the  plan  "htcf 
report  was  ai«P«"y'  ^Jpetent  persons  o  can,  „,^„^ 

Js  anthorized  to  emptoy       ^P^_^  ^^.,„„f,c  staff  »   *       ^,  g,  ne  Kav, 

«"  ••  ""ri:    c     s£d  of  John  I-";.""  "«.  »""='.   '^""T. 

Survey  of  1836  e»»     occt,  mi»e'a'°B"' '    .Vonrad  geologists.     I» 

.oologisf,    Le;-  '^   8;tm  and  Tim"-"?  ^  .f  °"  jatnes  Hall,  wh" 

E„»on..  l-""*"'!;""'  "adepaleontoW.^  a»*  J„,„^j   B»>°B..' 

,83,  Professor  Con»d         ^^^^^  En.n.o".«-rl' Conrad's  j,, 

tad  been  »»  a^JJ^Vannnm,   »!>•>  »*  f '°„d   annually   .0    the  ■ 

,0  sotwed  ?""»»'  ;        ,    aepartments   «Pf  ~       instituted  the 

Vhe    beads    of   the  jSMnvestigation-.  »"»  *"'  '„  ,8,..    The 

Bcemor  the  "»'»  °' S^  „ere  published  fro»  .837  ^,^, 

Snnal  octa.o  "P^^^J,"  fi„Vr.o  torn.,  begn»»^^  *,;,;„,  fo„r 

sr^--^-r:i"erg:^:^-^^ 

In   1889  'he    ^'a"  ..  Ml  scientific  specime  .pjopn- 

^-  ;e,sity.     The  '-  f  J, „„e  interest  and  ''»'';;  „=TpL ^^  ■>*"    • 

:::::'.Sr:f^9--r:rsr^^i-:s^: 

M„sen»..oo»'.a»*'^'"„,  p,„p,„,,  w.d^^  ■ 


